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EXECUTIVE SUMMARY

ES.1 PURPOSE OF REMEDIAL INVESTIGATION AND RISK ASSESSMENT

This Executive Summary presents a brief overview of the scope and findings of the Remedial
Investigation (RI) performed by P4 Production, LLC (P4) at the Henry Mine and surrounding area.
The RI was performed to meet the requirements of the 2009 Administrative Settlement Agreement
and Otder on Consent/Consent Order (2009 CO/AOC) for the Remedial Investigation/Feasibility
Study (RI/FS) with the USEPA and other agencies and the Ttibes (A/Ts) listed in the main body of
this RI Report. 'The 2009 CO/AOC is inclusive of the three P4 Sites - Ballard, Henry, and Enoch
Valley Mines and specifies that individual RI and FS documents will be prepared for each of these

Sites.

As identified in the Ballard, Henry, and Enoch V alley Mines R1/FS Work Plan Final Revision 2 (MWH,
20117), the RI and FS for the P4 Sites should focus on the potential for exposure to upland soil,
upland and riparian vegetation, riparian soil and sediment, surface water, groundwater, and biota
with elevated contaminants or radionuclides of concern (COCs) and contaminants of ecological or
livestock concern (COECs). The RI scope is limited to the Henry Mine and the area surrounding
the Henry Mine that could be affected by the mining operation (referred to as the Henry Site or
Site). This includes the physical Henry Mine area and nearby private, State and BLM-owned lands in

generally downstream/downgradient directions.

The purpose of the RI in this process is to gather relevant data for characterization of the Site using
the guidance for conducting RI/FS (USEPA, 1988), and the purpose of this RI Report is to
summarize those data that have been collected during the Site investigations. Therefore, this R/
Report includes the results of field activities and characterizes the sources of contamination, nature
and extent of contamination, and the fate and transport of constituents detected for the Site. Data
collected during the RI (2009 to 2014) and prior to the RI (2004 to 2008) during the previous
Engineering Evaluation/Cost Analysis (EE/CA) Site Investigation (SI) are included and utilized in
this RI Report.

Also included as an appendix to this RI Report is the baseline risk assessment (BRA) which

evaluates and determines the incremental risks above background to an agreed upon list of human,
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ecological and livestock receptors and pathways at the Site. The RI and BRA findings are discussed

below.

ES.2 HISTORY OF MINE OPERATION

The Henry Mine is the second oldest of the three phosphate mines being addressed in the P4 Sites
RI/FS and was mined from 1969 to 1989. Monsanto (P4) leased the mineral rights from the BLM
for Henry Mine by way of two leases issued in 1960 and 1965. P4 records indicate that 99.6 million
cubic yards (MCY) of waste rock was moved from five pits at the Henry Mine. The estimated
volume in the external waste rock dumps is 32.3 million cubic yards (MCY). Therefore, 67.3 MCY
are estimated to be contained in the mine pits as backfill. Monsanto relinquished both of the Henry

Mine mineral leases to the BLM in 1993 following reclamation.

The Henry Mine was transitional between historical and more modern reclamation practices. Most
of the mine pits (except for northern and southern ends) have been backfilled, graded to promote
stormwater drainage away from the pit backfill, and were covered and seeded to prevent erosion and
provide controlled grazing. Small sections of the mine highwalls remain exposed in the pit areas.
General practices at the Henry Mine included the use of oxidized brown shale (weathered shale of
the Meade Peak Member) as a cover over various waste rock materials as outlined in the approved
mine reclamation plans (Monsanto, 1981). All of the mine waste rock areas were successfully

regraded and revegetated with generally excellent vegetation quality and coverage.

ES.3 REGULATORY AND INVESTIGATION HISTORY

Investigations to assess potential impacts of phosphate mining in southeastern (SE) Idaho on
human health and the environment increased in 1996 after several horses were diagnosed with
selenosis and subsequently euthanized. From 1997 to 2001, the Idaho Mining Association (IMA)
voluntarily conducted a regional investigation with the A/T's being afforded the opportunity to
review and comment on all plans and reports. The Idaho Department of Environmental Quality
(IDEQ) took over as project lead in 2001, with the IMA participating companies, including P4,
signing an area-wide consent order (2001 CO/AOC). In 2003, P4 entered into a mine-specific
CO/AOC (2003 CO/AOC) for the Ballard, Henry, and Enoch Valley Mines to conduct an EE/CA
(USEPA, 2003). All P4 Sites investigation work undertaken in 2004 and since then has been, and

continues to be, performed under the direct oversight and approval of the A/Ts. With the
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implementation of the 2009 CO/AOC, the EE/CA was transitioned to the RI/FS and the USEPA

became the lead agency.

ES.4 PRINCIPAL INVESTIGATIONS AND RI/BRA FINDINGS

Over the years, P4 performed extensive sampling and analyses of various media including:

e Upland Soil — 125 locations were sampled for upland soil in 2004, 2009 and 2014.

e Upland Vegetation — 202 locations were sampled for upland vegetation during investigations
in 2004 and 20009.

e Riparian Vegetation — 28 samples were collected for riparian vegetation during a 2004
investigation.

e Riparian Soil — 33 samples near the Site water ways were sampled for riparian soil between
investigations conducted in 2004 and 2010.

e Sediment — 27 locations were sampled for sediment between investigations conducted in
2004 and 2010.

e Surface Water — 127 surface water samples were collected during 17 events between 2004
and 2014.

e Groundwater — 92 groundwater samples (which includes 17 temporary direct-push
boreholes) were sampled during 17 events between 2004 and 2014.

The following subsections present a summary of the principal findings for the RI program and the

BRA that was prepared using the RI data.

ES4.1 Nature and Extent of Contamination

As described in Sections 4.0 and 5.0 of this RI Report, the findings provide sufficient information to
characterize the nature and extent of constituents associated with various media including the source
materials (i.e., mine waste rock) at the Site. The nature and extent of contaminants associated with
the Site were identified through review of historical information that confirmed characteristics of the
mined materials and mining practices, and extensive sampling of the various media within and

downslope of the Site.

The widely recognized source material of contaminants associated with phosphate mining in SE
Idaho is the Meade Peak Member of the Phosphoria Formation. In particular, the waste shale
between ore horizons contributes much of the constituent loading. This is in part because the
middle, or center waste shale (CWS) as it is known, represents a significant portion of the waste rock

that is stockpiled in waste rock dumps when the ore is removed, and this shale is enriched with
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constituents including selenium. In general, constituents are leached from the waste rock in mine
dumps through precipitation contact with the waste rock, which either directly runs off as surface
water, mostly during the spring snow melt, or infiltrates into the mine dump and appears as
contaminated seeps at the toe of the piles. Depending on Site conditions, water can continue
downward through the mine dumps and infiltrate into the underlying shallow groundwater. This
water then will be present either as seeps or springs further downslope, or as shallow alluvial

groundwater plumes downgradient of the mine waste rock source areas.

At the Henry Site, groundwater contamination in bedrock appears to be limited to an area
immediately adjacent to the waste rock dump in the Dinwoody Formation. Sediment and surface
water in the stream channels leading from the waste rock dumps contain some elevated constituents,
which rapidly decrease in the downstream direction and are most elevated in the on-Site pond
locations. Similarly, riparian soil and riparian vegetation contain constituents, which are most
elevated near the reclaimed dumps and on-Site pond locations, but rapidly decrease in a downstream
direction. Upland soil samples, collected primarily from the soils developed on the graded and
reclaimed the waste rock dumps, are comprised in many cases of brown shale that contain elevated
constituents (as does the vegetation that grows upon the reclaimed areas). In summary, the areal
distribution of constituents is limited to the waste rock dumps and backfilled pits that have been
reclaimed throughout the Site. Contamination is transported relatively short distances downstream
or downgradient of the reclaimed waste rock dumps/backfilled pits by surface water and
groundwater that have elevated constituents due to contact with waste rock. However, downstream
transport of constituents to significant surface water streams (e.g., the Little Blackfoot River) or

potential groundwater supply sources is not occurring.

ES4.2 Summary of Human Health Risks

A human health risk assessment (HHRA) was performed using conservative assumptions to evaluate
risks posed to current and potential future human receptors exposed to detected Site constituents.
Tables 7-1 and 7-2 list the nature and extent of contamination by medium and identify the affected
human receptors and COCs posing potential risks to those receptors. Under hypothetical future use
conditions, certain scenarios are associated with predicted human health risks greater than regulatory
tisk criteria — that is, an incremental cancer risk of 1x10” (IDEQ) or a cancer risk management range

of 1x10° to 1 x 10* (USEPA) or an incremental hazard index (HI) greater than 1. Based on results
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of the HHRA, constituents contributing most to predicted hypothetical future use risks in excess of

these criteria are: arsenic, cadmium, selenium, thallium, and uranium as noted in Tables 7-1 and 7-2.

Currently, reclaimed portions of the Site are used for grazing. This includes former P4-leased BLM
and State lands along with privately-held P4 lands. Recreational activities such as hunting currently
may occur on former P4-leased State and BLLM lands, but is only possible by accessing these areas
on foot, as P4 maintains fences and locked gates around the mine property. Recreational activities

are not permitted on P4-owned portions of the Site.

It should be noted that future Site uses will continue to emphasize grazing on reclaimed State/BLM
lands, along with some recreational activities (such as hunting, camping and hiking). Grazing also is
the most likely future land use for the reclaimed P4-owned areas of the Site. It is unlikely that
recreational use by the public would be permitted by P4 in the future on their privately-held portions

of the Site, nor would subsistence or residential land uses be allowed.

Cumulative, combined media, total and incremental cancer risk estimates for the recreational hunter
and camper/hiker receptors exceed the IDEQ cancer risk ctiterion but are within USEPA’s cancer
risk management range. Cumulative, combined media, incremental HIs for these receptors are
below 1. These upper-bound cancer risk and HI estimates are based on conservative assumptions
and, as such, these receptors are not likely to be adversely affected by the Site. Recreational fishing
also was evaluated along the Little Blackfoot River, which passes through the Site, because it is the
only stream on Site that is perennial and contains fish. Incremental combined media cancer risk and
noncancer HI estimates for the recreational fisher are below IDEQ and USEPA cancer risk and
noncancer HI criteria. Consequently, this receptor land use has not been adversely impacted by the

detected Site constituents.

The incremental combined-media cancer risk and noncancer HI estimates for the seasonal rancher
also exceed IDEQ) cancer risk and noncancer HI criteria, and the USEPA’s cancer risk management
range and HI of 1. However, the background cancer risk estimates for this receptor also exceed
IDEQ risk criteria and the USEPA’s risk management range. It should be noted that the seasonal
rancher scenario assumes that seasonal ranchers live on the reclaimed Site areas during the portion
of the year that their cattle graze on-Site. This assumption assumes daily direct contact exposure to
soil and consumption of groundwater as a potable supply during the grazing period. In actual
practice, however, seasonal ranchers don’t reside on the Site, nor are they likely to reside there in the

future; rather, they visit the Site occasionally during the grazing season to check up on, and tend to
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their cattle. Additionally, it is highly unlikely that a seasonal rancher would install a potable supply
well on former P4-leased BLM and State lands or privately-held P4 lands. Currently, and likely in

the future, the rancher brings drinking water from off-Site during the occasional Site visits. Based
on the above, it is highly unlikely that current and anticipated future grazing on reclaimed portions

of the Site is adversely affecting the health of seasonal ranchers.

The Native American and hypothetical future resident were evaluated to determine if land use
controls and/or remediation are required to protect potential future subsistence or residential land
uses for the Site. Although such land uses are unlikely to occur in the future on the actual mine
surface area. Incremental cancer risk and noncancer HI estimates for the Native American,
hypothetical future resident, and seasonal rancher are greater than 1x10* and 1, respectively.
Therefore, further evaluations in the FS of area-specific remedial alternatives, including institutional
land use controls, will be requited to protect these potential receptors/land uses on the Henry Mine,
proper. Because the contaminant concentrations associated with excess risk for these receptors
decrease rapidly downslope from the mine dumps, it is anticipated that current or potential future
subsistence or residential land uses off the current reclaimed mine dumps would not be adversely

impacted.

ES4.3 Summary of Ecological Risks

An ecological risk assessment (ERA) was performed using conservative assumptions to bound risks
for a select group of ecological receptors that include mammalian and avian species that are
presumably present at the Site and could be exposed to contaminants found in the Site media. No
Observed Adverse Effect Level INOAEL)-based Tier II hazard quotient (HQ)) estimates in excess
of 1 are calculated for the several mammalian and avian receptors. Table 7-4 shows the range of
Site-wide HQ)s for ecological receptors with HQs exceeding the USEPA’s and IDEQ’s acceptable
HQ of 1. NOAEL-based Tier II HQ estimates in excess of 1 are calculated for the following
receptors: long-tailed vole, deer mouse, raccoon, mink, coyote, American goldfinch, American robin,
mallard duck, great blue heron and northern harrier exposed to Site media. Analytes with NOAEL-
based Tier II HQ estimates in excess of 1 include: aluminum, antimony, cadmium, chromium,
coppet, molybdenum, nickel, selenium, thallium, vanadium and zinc. With the exception of
antimony and thallium, for which Site ecological hazards are less than background ecological

hazards, these analytes are listed as preliminary COECs.
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These ecological risks estimates represent upper bound estimates that may “overestimate” Site risks.
As shown in Table 7-4, the background HQ)s are in excess of 1 for all mammalian receptors that
were evaluated and for two of the five avian receptors that were evaluated (exceptions include the

mallard duck, great blue heron, and northern harrier).

ES4.4 Summary of Livestock Risks

A livestock risk assessment (LRA) was performed to evaluate potential impacts of Site contaminants
on grazing animals. Beef cattle were selected as the livestock indicator receptor. Although sheep
may selectively forage on selenium hyperaccumulator plant species and episodes of mortality in
sheep foraging on mine sites in the area, including the Henry Mine, are well documented, beef cattle

are more susceptible to selenium toxicity than sheep. Therefore, sheep were not quantitatively

evaluated in the LRA.

NOAEL-based Tier II HQ estimates for beef cattle exposed to soil, upland vegetation, and surface
water at the Site and background locations are below 1 (Table 7-4) for all constituents of potential
concern and, therefore, no adverse effects to livestock are anticipated. These hazard estimates are
consistent with results of the 1999/2000 Henry Mine cattle grazing study, which showed no adverse

effects to cattle grazing on reclaimed mine waste rock dumps.

ES4.5 Information to Support the FS

The information presented in this RI Report indicates that the nature and extent of contamination
associated with source materials and downstream/downgradient media for the majority of the Site
have been bound and the risks posed to human health and the environment are sufficiently

understood to allow the CERCLA process to proceed to the FS.
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1.0 INTRODUCTION

This Henry Mine Remedial Investigation Report (RI Repor?) has been prepared in accordance with the
requitements of the Administrative Settlement Agreement and Order on Consent/Consent Order
for Remedial Investigation/Feasibility Study (2009 CO/AOC; USEPA, 2009). The 2009 CO/AOC
is a voluntary agreement between P4 Production, LLC (P4), a wholly owned subsidiary of Monsanto
Corporation, and the United States Environmental Protection Agency (USEPA), the Idaho
Department of Environmental Quality (IDEQ), the United States Department of Agriculture,
United States Forest Service (USES), the United States Department of the Interior, United States
Bureau of Land Management (BLM), and the Shoshone-Bannock Tribes (Tribes). Collectively, the
cooperating agencies are referred to as the Agencies and Tribes or A/Ts. The general objective of
the 2009 CO/AOC was to conduct a Remedial Investigation and Feasibility Study (RI/FS) of P4’s
legacy mine sites, which includes the Henry Mine and surrounding area (the Site or Henry Site) as
explained below. The RI/FS is being conducted in accordance with the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), and the associated

regulations of the National Oil and Hazardous Substances Pollution Contingency Plan (NCP).

This RI Report documents the comprehensive mine-specific RI that was conducted at the Site per the
approved Remedial Investigation/ Feasibility Study Work Plan for P4’s Ballard, Henry and Enoch 1 alley Mines
(RI/FS Work Plan; MWH 2011). The other two mines located to the south and northeast of Henry
Site are the Ballard and Enoch Valley Sites, respectively. The sites were mined for their phosphate
ore between 1951 and 2003 and are located approximately 13 to 19 miles north-northeast of the City
of Soda Springs in southeastern Idaho, as shown on Drawing 1-1. From 1952 until 1997, mining at
the P4 Sites was conducted by the Monsanto Company (Monsanto). In September 1997, Monsanto
spun off its traditional chemical business to form Solutia. Monsanto and Solutia formed a joint
venture, P4 Production, LL.C (P4), which owned and operated the phosphate mines. P4 was
assigned the phosphate mining leases and mineral rights. In May 2001, the joint venture was
dissolved and P4 became a wholly-owned subsidiary of Monsanto. P4 is a current and former lease

holder of State and Federal surface and mineral rights, and currently owns portions of the Sites.

The Henry Site and surrounding area is located on private, State, and Federal lands (Drawing 1-2).
Note that the Henry Site includes both the mine features such as mine pits and waste rock dumps
and includes areas where contaminants are located including off-mine surface water or groundwater.

References in this RI Report to the Henry Mine are generally only relevant to the physical mine
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features and the land where P4 conducted mining or mining-related activities. Therefore, the Henry

Site encompasses both the “Henry Mine” and any surrounding impacted areas.

The general objectives of the RI, as described in the 2009 CO/AOC Scope of Work (SOW) and
RI/FS Work Plan, are to determine the nature and extent of contamination and any threat to public
health, welfare, or the environment caused by the release, or threatened release, of hazardous
substances, pollutants, or contaminants at or from the Sites. The purpose of this RI Report is to
summarize the relevant data collected to characterize the Site using the guidance for conducting
RI/FS (USEPA, 1988). This RI Report then summarizes the results of field activities that
characterize the Site sources of contamination, nature and extent of contamination, the fate and

transport of contaminants, and hazards associated with the contaminants.

To completely identify the hazards associated with contaminants detected at the Site, P4 conducted
a three-part Baseline Risk Assessment (BRA) comprised of, (1) a Human Health Risk Assessment
(HHRA), (2) an Ecological Risk Assessment (ERA), and (3) a Livestock Risk Assessment (LRA).
The BRA assesses the potential human health and ecological risks posed by the Site’s contaminants
in the absence of any remedial action. The BRA is summarized in Section 6.0 and presented in

Appendix A to this document.

1.1 REPORT ORGANIZATION

This RI Report generally follows the suggested outline in Guidance for Conducting Remedial Investigations
and Feasibility Studies under CERCL.A, Interim Final (USEPA, 1988) and consists of eight sections and

four appendices, as described below:

Section 1.0 Introduction — Describes the Site background and regulatory framework.

Section 2.0  Physical Characteristics of the Study Area — Provides descriptions of the mine
facilities and operations, and describes the physical characteristics of the Site and
surrounding area.

Section 3.0  Site Area Investigations — Summarizes the specific studies and resulting data that are
being used to characterize the Site.

Section 4.0  Nature and Extent of Contamination — Describes the type (nature) and extent of
contamination within individual media associated with the Site.

Section 5.0  Contaminant Fate and Transport — Evaluates and describes the routes of potential
contaminant migration, contaminant persistence in the migration pathway, and if
migration is currently observed.

Remedial Investigation Report for the Henry Mine Page 1-2
October 2017



Section 6.0  Baseline Risk Assessment Summary — Summarizes the HHRA, ERA, and LRA
contained in Appendix A.

Section 7.0 Summary and Conclusions — Summarizes the preceding sections and presents
conclusions based on results of the investigations and the risk assessments.

Section 8.0  References

Appendix A Baseline Risk Assessment — Includes the complete HHRA, ERA, and LRA.

Appendix B Remedial Investigation Data — Provides comprehensive data tables of chemical results
compared to relevant screening criteria for all Site media.

Appendix C  Photographic Log of Surface Water Sample Locations — this provides a visual record
of the surface water sampling locations in and around the Site.

Appendix D Comments and Comment Responses — To be added — will contain A/T comments on

draft versions of this RI Report and P4’s comment responses.
1.2 SITE BACKGROUND

This section provides a basic Site description and the operational and regulatory history. A more
detailed description of the physical conditions of the Site is presented in Section 2.0. Additional

details regarding the history of environmental investigations is presented in Section 3.0.

1.2.1 Site Description

The Henry Mine is located approximately 15 miles north-northeast of Soda Springs, Idaho in
Caribou County within T6S, R42-43E (Drawing 1-1). The northern end of the mine is
approximately one mile to the southeast of the small village of Henry, Idaho. The mine is accessed
from Soda Springs via State Highway 34 to the Blackfoot River Road and then, with permission, the
private P4 Enoch Valley haul road. Alternatively, the mine can be accessed from Highway 34 by
way of the Henry Cutoff Road and then the Long Valley Road. The Site includes those areas where
soil, sediment, surface water, and groundwater have been affected by the former mining activities.
As presented in this RI Report, the extent of mine-related contamination generally coincides with the
Henry Mine boundary with the exception of the area downstream of the southern end of the mine

along Lone Pine Creek.

The Henry Mine has five waste rock dumps, and four mine pits (backfilled and open). These
features account for 969 acres, and the total mine disturbed area, including miscellaneously disturbed

ground, is approximately 1,000 acres. The mine area generally is linear in a northwest-southeast
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direction and is approximately five miles long, with an average width of approximately one-half mile.
The configuration of the mine pits and waste rock dump areas at the mine is shown on Drawing

1-2.

The surface ownership of the mineral lease area includes: 689 acres owned by P4, 80 acres
administered by the BLM, and 1,080 acres administered by the Idaho Department of Lands (IDL).
Monsanto leased the mineral rights from the BLM for Henry Mine by way of Lease # 1-011451
issued in 1960 and Lease #1-013814 issued in 1965. Approximately 680 of the 1,000 acres that was
originally disturbed have been reclaimed as described below in Section 1.3.2. The remaining un-
reclaimed areas include mine pits, high walls, and portions of a haul road. No ancillary facilities
remain at the mine with the exception of the remnants of a partially paved haul road and various
unimproved soft surface two-track roads. Portions of the mine have been used for livestock grazing

since about the time the mining leases were relinquished in 1993.

1.2.2 Henry Mining and Reclamation History

Monsanto began mine operations in 1969 following several years of exploration. Mining was
completed in 1989 with the BLLM accepting relinquishment of the leases on December 7, 1993
following reclamation. The mining plan called for five mine panels or pits along five miles of
phosphate outcrop. The mining started near the center, and then progressed outward to the
southeast and northwest along the outcrop of the Meade Peak Member of the Phosphoria
Formation. The initial mining was conducted in Pits I and II (MMP042 and MMP043"). Mining
operations in the South Henry Continuation (Pit III, MMPO044) started in the fall of 1976 and were
completed in 1980, and mining at the Center Henry Continuation (Pit IV, part of MMP042)
occurred immediately thereafter and was completed in the fall of 1985. The mining operations in
the final North Henry Continuation (Pit V, part of MMP041) started at the beginning of 1986 and
were completed in mid-October, 1989 (Lee, 2001).

The initial mining operation at the Henry Mine utilized scrapers for both mining and stripping waste

rock and overburden. In 1986, the operation was converted to haul truck and shovel (Lee, 2001).

! MMP is the designation for Monsanto Mine Pit; MWD is the designation for Monsanto Waste (Rock) Dump. The
numbering component was assigned during the Idaho Mining Association’s (IMA) regional and area-wide investigation
as discussed in Section 1.3.3 below. Many surface water monitoring stations (MST — streams and rivers, MDS — dump
seeps, MSG — springs, and MSP — ponds) were also selected and designated during the regional investigations. Most
monitoring wells (MMW), production wells (MPW), domestic wells (MDW), and agricultural wells were identified or
constructed during the mine-specific investigation phase.
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The five miles of phosphate outcrop developed and mined were hauled to P4’s elemental
phosphorus plant in Soda Springs (Lee, 2001). P4 contracted with Dravo-Soda Springs (renamed
Degerstrom Ventures in 2001) for mining and ore hauling. Shipping the ore from the mine to the
elemental phosphorus plant at Soda Springs was by truck with two or three belly-dump trailers

similar to current haulage from P4’s operating mines.

The Henry Mine was transitional between historical and more modern reclamation practices.
Initially, the waste rock disposal practice was similar to that used at the Ballard Mine, with external
waste rock dumps adjacent to the mine pits. However, as a result of some of the early reclamation
research performed at the Ballard Mine, together with the influence of the Idaho Mine Reclamation
Act of 1971, reclamation became a standard part of the mining practice at the Henry Mine. By 1978,
backfilling mine pits also became a common practice. As a result, most of the mine pits have been
backfilled, graded to promote storm water drainage away from the backfilled mine pits and into
intermittent drainages located down slope, then covered and seeded to prevent erosion. Small
sections of the mine highwalls remain exposed in many of the pit areas. General practices at the
Henry Mine included the use of oxidized brown shale as a cover over various waste rock materials as
instructed in the approved mine and reclamation plans that were followed during the phases of the
mining at the Henry Mine (Monsanto, 1981). The oxidized brown shale is weathered shale of
Meade Peak Member including the ore sequence that was unsuitable for processing. All of the mine
waste rock areas were successfully regraded and revegetated with generally excellent vegetation

quality and coverage.

1.2.3 Regulatory History

Investigations to assess potential impacts of phosphate mining in SE Idaho on human health and
the environment increased in 1996 after several horses were diagnosed with selenosis and
subsequently euthanized. Overburden and waste rock, which are byproducts of extracting
phosphate ore from the earth, have the potential to release selenium to the environment at levels

that exceed background levels.

During the early years of investigation (primarily 1997 — 2001), the majority of the regional
investigations were conducted under direction of the Idaho Mining Association’s (IMA’s) Selenium
Committee. Regulatory agencies provided input and some oversight through the
Interagency/Phosphate Industry Selenium Working Group. In 2001, the regional investigation was
transformed into an area-wide investigation performed by several phosphate mining companies
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belonging to IMA (Selenium Area-Wide Advisory Committee) under the direction of IDEQ and
other regulatory agencies pursuant to a CERCLA CO/AOC (2001 CO/AOC; IDEQ, 2001).

In 2004, the investigations began to focus on specific mines in the region, including the P4 Sites.
Effective October 24, 2003, the USEPA, IDEQ, USFS, and P4 entered into a new CO/AOC (2003
CO/AOC; USEPA, 2003). The 2003 CO/AOC, under IDEQ lead, provided for the petrformance
of Site Investigations (SIs) and Engineering Evaluation/Cost Analysis (EE/CA) programs for the
P4 Ballard, Henry and Enoch Valley Sites that were consistent with CERCLA.

In 2009, at the request of USEPA, P4 and the A/Ts entered into a new CO/AOC (i.e., the 2009
CO/AOC) obligating P4 to petform an RI/FS and superseding the 2003 CO/AOC.
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2.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

This section describes the regional physical characteristics along with specific physical characteristics
at individual locations and/or areas of interest in the immediate vicinity of the Site. Summaries are
presented for: (1) physiography and surface features, (2) climate and meteorological information, (3)
surface water hydrology, (4) geology, (5) soils, (6) hydrogeology, (7) ecology, (8) demographics and
land and water use, (9) cultural and natural resources, and (10) background information on sources

of contamination.

2.1 PHYSIOGRAPHY AND SURFACE FEATURES

The Site is located near the boundary between the Basin and Range and Rocky Mountain
Physiographic Provinces. The north-south trending transition between the two provinces occurs at
the western edge of the Aspen Range (approx. 7 miles south of the Site), with the western region
(Basin and Range) consisting of wide, deeply filled, flat basins separated by block-faulted mountains,
and the eastern region (Rocky Mountain) consisting of subparallel folded mountain ranges separated
by thinly-filled valleys (Mabey and Oriel, 1970; Fenneman, 1917). West of the Site, the Basin and
Range topography is influenced by large areas of flat laying volcanic basalts and is generally less

mountainous than Rocky Mountain province to the east.

Topography at the Site is dominated by a main northwest-southeast trending ridgeline with
elevations ranging from approximately 6,300 to 7,000 feet above mean sea level (amsl). There is a
second lower, less continuous, parallel ridge located approximately 3,000 to 4,000 feet east of the
main ridge. These two ridges approximately bound the Site on the northeast and southwest sides.
Near the north end of the mine property, the Little Blackfoot River cuts across the property, flowing
to the west into the Blackfoot Reservoir as shown on Drawing 1-2. The townsite of Henry and a
seasonal marina and campground at the Blackfoot Reservoir are located within a mile of the

northern end of the Site.

2.1.1 Waste Rock Piles and Mine Pits

The Henry Mine itself encompasses approximately 1,000 acres of disturbed area, comprising mostly

waste rock dumps and mine pits. The configuration of the mine pits and waste rock dump areas are
shown on Drawing 1-2. The mine pits are found along a five-mile stretch on the northeastern flank

of the main ridgeline and were located to recover ore from the Meade Peak Member of the
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Phosphoria Formation. The majority of the waste rock dumps are located downhill and to the
northeast of the mine pits between the pits and lower ridge. The mine area primarily consists of
gentle slopes that are the result of the mine reclamation. Exceptions occur in the partially backfilled
mine pits on the north and south ends of the mined area (MMP041 and MMP044) where small,

steep sections of highwall are exposed.

The mine pit and waste rock dump areas were defined during eatly regional investigations, and the
definitions were retained during the EE/CA and RI/FES studies (see Section 3.0). As eatlier defined,
the Site contains four backfilled or partially backfilled mine pit areas - from northwest to southeast:
MMPO041, MMP043, MMP042 and MMP044. About one-third of MMP041 was left open, and
approximately one-half of MMP044 (the southern half) was not backfilled (Drawing 1-2). Both the
northern and southern ends of MMP041 were backfilled.

Five waste rock dumps were defined - from northwest to southeast: MWDO085, MWIDO088,
MWDO086, MWDO087, and MWDO090 (Drawing 1-2). The external waste rock was generally placed
downslope to the northeast of the mine pits and partially fills a small swale between the ridges
(MWDO087 is an exception to this as discussed below). As shown on Drawing 1-2:
e Waste rock dump MWDO85 is located north of the Little Blackfoot River and is associated
with mine pit MMP041. MWDO085 includes both external dump and pit backfill.

e Waste rock dump MWDO08S, south of the Little Blackfoot River, is associated with the
northern portion of mine pit MMPO043 and includes a large lobe of external waste rock, as
well as a portion of mine pit backfill.

e Waste rock dump MWDO086 includes external waste rock and pit backfill associated with the
remainder of mine pit MMP043, as well as pit MMP042.

e Waste rock dump MWDO087 is unique in that it is external waste rock associated with
MMP043 and MMP0042 that was placed on the southwest side of the mine pits. MWID087
includes two areas that filled small westward draining gullies. This is the only waste rock
placed in the Long Valley drainage.

e Waste rock dump MWDO090 is located mostly south of the P4 Enoch Valley haul road, and it
includes external waste rock and pit backfill associated with mine pit MMP044.

Waste Rock Dump Volumes. The waste rock dump volume estimates presented in Table 2-1 are
based on the pre-mine topography that was digitized from a USGS topographic map and a new
topographic survey prepared for P4 in 2008 which depicts the existing topographic surfaces. The
waste rock dump boundaries include the backfilled mine pit areas. These areas are generally shown

to have a net cut (excavated) volume, because the pits were not backfilled to original grade.
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Therefore, the fill volumes for the waste rock dumps are calculated for the areas external to the mine
pit areas only and do not include the waste rock areas within pit boundaries. Cut volumes in Table
2-1 include both un-backfilled mine pit volumes, as well as the volume of the unfilled portion up to
original grade above any pit backfill. The areas presented correspond to the volumes estimated (e.g.,

only external areas or estimated pit areas).

Rough estimates for the pit backfill volumes were calculated for the mine. P4 records indicate that
99.6 million cubic yards (MCY) of waste rock was moved at the Henry Mine. The estimated volume
in the external waste rock dumps is 32.3 MCY (Table 2-1). Therefore, 67.3 MCY are estimated to

be contained in the mine pits as backfill.

2.1.2 Ancillary Facilities

At this time, the only ancillary facilities remaining at the Henry Mine are the remnants of a partially
paved haul road and various unimproved soft surface two-track roads. The remnant haul road
begins approximately 700 feet north of the current P4 Enoch Valley haul road that traverses the
mine between the MWDO086 and MWD090 waste rock dumps. The connection between the current
haul road and the mine haul road was reclaimed. From its southern point, the remnant haul road
runs for approximately three miles to the North Henry Mine Pit (MMP041) (Drawing 1-1). The
unimproved roads are located throughout the mine area and provide access to the monitoring wells
and other Site features. These roads were developed directly on whatever surface material is present

and were not considered separate features for characterization.

2.2 CLIMATIC AND METEOROLOGICAL INFORMATION

The climate of southeast Idaho is semi-arid with hot summers and cold winters. The climate is
strongly influenced by topography, which in turn influences wind patterns, temperature, and
precipitation. Generally north trending mountain ranges in the region create a natural barrier for
water-saturated Pacific air masses. The rain shadow effect causes the Snake River Plain region to be
semi-arid with a middle latitude steppe climate. Precipitation during the colder months is generally
in the form of snow, while precipitation during the summer is primarily associated with localized,
orographic thunderstorms. Table 2-2 presents data from the Enoch Valley Site meteorological
station. The Enoch Valley Site climate station is located at the Enoch Valley Mine office
approximately 2.5 miles east of the Henry Site, at an elevation of 6,720 feet amsl and is an

appropriate analog for the Site.
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Annual precipitation at the Enoch Valley Site is 19 inches per year. July and August are typically the
driest months of the year and January is usually the wettest. On average, July and August are the
warmest months of the year, while January and December are the coldest. Average temperatures

range from minimums of -13.7 degrees Fahrenheit (°F) in December to maximums of 89.1°F in July.

2.3 SURFACE WATER HYDROLOGY

A limited amount of surface water occurs on the Site in the form of small named and unnamed
streams, the Little Blackfoot River, a few springs, and manmade ponds. The Site is transected by the
Little Blackfoot River in the north half. Elsewhere it contains headwater tributaries to a couple of

small creeks. It does not contain any natural lakes or ponds.

2.3.1 Streams and Rivers

The southeastern portion of the Site is drained to the northeast by Lone Pine Creek and to the
southwest by the Long Valley Creek system; and the northwestern portion of the Site is drained by
the Little Blackfoot River as shown on Drawing 2-1. Lone Pine Creek flows much of the year, but
often dries up in the summer through the autumn. It flows directly into the Little Blackfoot River
east of the Site. A tributary to Long Valley Creek drains a small central portion of the Site;
specifically, the westward facing MWIDO087 waste rock is in this watershed. Near the Mine, this
tributary typically only flows for a brief period during spring runoff. Water in the tributary flows to
Long Valley Creek and then eventually to the Little Blackfoot River, west of the Site. The Little
Blackfoot River flows northeast to southwest, from Enoch Valley to Long Valley. It cuts directly
through the northern and central portions of the Site. After passing through the Site, the river then
flows northwest into Blackfoot Reservoir. A small portion of the Site watershed, including the
reclaimed MWDO085 and MWDO088 waste rock dumps, drain directly toward the Little Blackfoot
River as it cuts through the Site. Table 2-3 provides the discharges and illustrates the seasonal

differences in these Site drainages.

2.3.2 Springs and Seeps

Four springs and seeps have been identified and sampled at the Site. The flows from these springs
and seeps are summarized in Table 2-4 and the locations are shown on Drawing 2-1. Mine dump
seeps (MDS) MDS016 and MDS022 originate from waste rock dump MWDO090 on the southern
end of the Site. These seeps flow to the headwater of Lone Pine Creek, as does spring (MSG)
MSGO002, which is located immediately adjacent to the Lone Pine tributary channel. Dump seep
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MDS034 is associated with the northernmost end of waste rock dump MWDO088 and flows directly

toward Little Blackfoot River.

In 2006, surface water discharges were measured at three of the fout spring/seep locations every
three weeks from May to September as part of a stream recession analysis at the Site. The study was
undertaken in an attempt to model the release of water from natural storage areas, typically assumed

to be groundwater discharge once surface runoff has ceased.

Surface water discharges were measured and evaluated at the three Site stations listed in Table 2-5.
Table 2-5 presents the calculated recession constants, 4, for each station with average and final

recession constants based on measurements collected at the springs.

Figure 2-1 below is a discharge plot for each of the three stations monitored at the Site. The typical
ranges of recession constants for stream flow components, chiefly runoff (0.2 - 0.8), interflow (0.7 -
0.94) and groundwater flow (0.93 - 0.995), do overlap (Nathan and McMahon, 1990). However,
high recession constants (e.g., > 0.9) tend to indicate dominance of groundwater discharge.
Additional details on the study and analysis are found in the discussion for the Ballard Site in Section

3.2 of the RI/FS Work Plan.

As suggested by the recession constants in Table 2-5, one of the three stations (i.e., MDS016)
appears to have water supplied by an interflow source and the other two stations by groundwater.
MDSO016 has a final recession constant of 0.932, and was dry after only two measurements.

MDS022 and MSGO002 both have final recession constants above 0.98 and maintain a more constant
discharge suggesting a perennial groundwater source. MDS022 shows some effect from spring
recharge event. However, the longer term monitoring record indicates that the lower flow MSG002
will go dry in some years, whereas MDS022 has not been observed to go dry. MDS034 was not
monitored during the study, but like MDS016, it appears to be a short duration interflow-dominated

seep.
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FIGURE 2-1
HENRY SITE SPRING, SEEP, AND HEADWATER DISCHARGE RECESSION PLOT
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2.3.3 Ponds and Sediment Retention Structures

Four ponds are present on the Site. These ponds are listed in Table 2-6, and locations are shown
on Drawing 2-1. The mine ponds (MSP) vary in size from approximately 0.12 acres (MSP055) to
5.8 acres (MSP014). Ponds MSP015 and MSP055 are seasonal, being dry by late summer. The
ponds have varied riparian vegetation and vegetation densities surrounding them. With the
exception of MSP055, the ponds have riparian habitats associated with the ponds are dominated by
willows that are suitable for some wildlife. Pond MSP055 is a depression in the bottom of mine pit
(MMPO044) at the extreme southeastern end of the Site pit. This pond is often dry and has no
significant riparian vegetation. However, the area around MSP055 was the location of a 2012 sheep
kill associated with selenium hyper-accumulating vegetation that was growing near the pond (P4
Production, 2013). The functional uses of the ponds based on vegetation and other factors and the

associated water quality are presented in Section 4.4.

Potential overflow watersheds are listed in Table 2-6 for ponds that could theoretically overtop
during a runoff or extreme storm events. These are anticipated directions of flow in case
overtopping occurs, but these flow patterns have not been observed and outfalls suggesting
overtopping are also not observed. As mentioned above, MSP055 is in a mine pit, and there is no

reasonable expectation that it will overtop the mine pit.
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Sediment retention structures were constructed below most of the waste rock areas excluding some
of the mine pit backfill locations. These structures generally consisted of earthen berms constructed
across a swale below the waste rock area or along the toe of a waste rock dump. Locations of these
features are shown on Drawing 2-1. On the southeastern side of the Site, most of MWDO090 is
uphill of the P4 Haul Road, which acts as a sediment retention berm. There is a small berm along
the toe of the lobe of MWDO090 north of and downhill from the haul road. Similarly, there is a small
berm constructed below the toe of the large lobe of MWDO087. ILarge sediment retention berms
were constructed below waste rock on the either side of the Little Blackfoot River. Two berms were
constructed across swales below MWDO088 southeast of the river, and a large berm, bisected by the
former haul road, was constructed below MWDO085 northwest of the river. Because of the lack of a
significant watershed above the berms, they have never been observed to retain water and likely only
would do so after a very large storm or snowmelt event. The large structures near the Little
Blackfoot River have not been breached and appear to remain effective. The significance of the

sediment control structures is discussed in additional detail in Section 5.0.

24 GEOLOGY

The geology in the Site area is transitional between Basin and Range and Rocky Mountain
Physiographic Provinces, and it is characterized by linear, north-trending, fault-bounded ranges and
basins formed by extensional tectonism. This extensional tectonism overprints an eatlier period of
compressional tectonics that included major overthrusting associated with the Bannock Thrust Zone
in southeast Idaho, which resulted in synclinal-anticlinal folds and some faulting during the Upper
Cretaceous and Paleocene periods. The dominant structural feature at the Site is a northwest
trending syncline, which is directly related to the Henry Thrust Fault located to the northeast of the
Site (Drawing 2-2).

Regional geologic mapping of the program area was conducted in 1927 by the USGS (Mansfield,
1927). Subsequent mapping programs in the area were conducted by Oberlindacher, et al. (1982),
Hovland (1981), Obetlindacher, 1990, and Oberlindacher, et al., unpublished. Site-specific field
observations and boring logs have been used in updating the Site conceptual hydrogeologic models,
cross-section drawings, and in determining locations of proposed wells. These data and updates
wete discussed and presented in previous Site documents including the RI/FS Work Plan. The
compiled Site geologic map is presented on Drawing 2-2 along with a generalized cross-section on
Drawing 2-3.
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The Site and immediate area includes all the Quaternary through Pennsylvanian units listed in Table
2-7, exposed primarily on the northeastward dipping limb of a northwest trending syncline in which
the mine is situated. The syncline present at the Site is an offset portion of the Wooley Valley
Syncline. The other major structural features in the Site area are the northwest trending Henry
Thrust Fault, which parallels the mine, and the Georgetown Syncline further to the east beneath

Lone Pine Valley (Drawing 2-2).

This geology has resulted in an exposure of the Phosphoria Formation Meade Peak Member ore
beds along the larger northwest trending ridge, which is capped by beds of steeply northeast dipping
Wells Formation. The core of the exposed syncline located east of the main ridge is composed of
Triassic Dinwoody Formation. This upturned southwest dipping side of the syncline forms the
lower ridge that runs parallel to the main ridge throughout much of the Site. It is the low area
between these ridges that contains most of the Site’s waste rock. This lower ridge is composed of
Dinwoody Formation that has been thrusted over the younger Thaynes Formation along the Henry
Thrust Fault. This geologic configuration is broken to the south of the Site by the strike-slip
Rasmussen Fault, which offsets these geologic units by approximately 3,000 feet to the southeast.

The Site area is also bounded to the west by the normal Slug Valley Fault.

Another significant geologic feature is where Quaternary basalt flooded through the break in the
ridge formed by the Little Blackfoot River at the northwestern end of the Site. This formed a lobe

of basalt on the mine side of the main syncline ridge (Drawing 2-2).

Essential to the development of the Henry Mine was the phosphatic ore beds of the Phosphoria
Formation. The Phosphoria Formation has four members (from oldest to youngest): the Meade
Peak Phosphatic Shale, Rex Chert, Cherty Shale, and Retort Phosphatic Shale (Table 2-7). The
Meade Peak Member, which ranges in thickness from about 55 to 200 feet, is the source of most of
the extracted phosphate ore in southeastern Idaho and was the source of ore at the Henry Mine.
This is the oldest member of the Phosphoria Formation and is overlain by the Rex Chert and then
the Cherty Shale. The Retort Member is discontinuous and is found in the northern and eastern

parts of the region but not in the vicinity of the Henry Site (USGS and USFES, 1977).

Another significant sedimentary unit at the Site is the Triassic Dinwoody Formation, which is made
up of upper and lower units consisting of limestone, siltstone, and shale layers. The lower
Dinwoody Formation directly overlies the Phosphoria units in the stratigraphic section, and as noted

earlier, forms the bulk of the outcrops on the east side of the Site. The upper and lower units are
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often separated by a distinct layer of Woodside Shale; however, this unit has not been observed at

the Site.

The Meade Peak Member of the Phosphoria Formation is underlain by the upper unit of the Wells
Formation, which consists of sandstone interbedded with limestone and dolomite. In some
locations, the Grandeur Limestone of the Park City Formation is present above the Wells Formation
and is usually considered part of the Wells Formation for mapping purposes. Drilling at the Site
encountered limestone and sandstone of the Wells Formation but not the dolomitic beds of the
Grandeur Limestone. As noted previously, the Wells Formation forms the ridge on the west side of

the Site. This is in part due to the limestone beds in the unit that are more resistant to weathering.

25 SOILS AND VEGETATION

2.5.1 Soils

Soils in the vicinity of the Site are typically brown clayey, gravely and cobbly loams (USDA, 1990).
Coarse fragments in the subsoils range from pebbles to cobbles in variable percentages. The soils
are moderately deep and well drained (USDA, 1990). The surficial soil on the Site waste rock

deposits is variable percentages of rock that was extracted during mining,.

Surficial cover soils on waste rock dumps at the Site consists primarily of weathered brown shale, as
documented during the 2009 soil and vegetation survey (RI/FS Work Plan, Appendix A2). Up to
two percent limestone mixed with the weathered brown shale comprises a small percentage (less
than five percent) of the total area of the dumps. Limestone and sandstone is found on and in the
cover primarily near the base of highwalls, along with scattered dolomite boulders. Black shale
cover is rare and comprises less than one percent of the total area of any dump. It closely resembles

and functions as topsoil over the majority of the dumps.

Based on a 2009 soil survey, weathered brown shale cover thicknesses average two to three feet on
flat areas of the waste rock dumps. The adjoining slopes are typically gentle with cover in places less
than or equal to one foot thick. Steeper slopes on MWDO087 are benched with cover less than or
equal to six inches thick on the sloped portions and greater than one-foot-thick on the flat areas.
Uncovered areas at angle-of-repose are not present on any of the waste rock dumps, and only occur

on the remaining Wells Formation highwalls and road cuts through the Dinwoody Formation.
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2.5.2 Vegetation

The 2009 vegetation survey was conducted on the five waste rock dumps and haul road. The
relative abundance of the overall vegetative cover for each survey area, as well as the relative
abundance of each species encountered of all life forms (i.e., grasses, forbs and shrubs) was
estimated. Culturally significant plant species also were identified as part of the survey. The species
list was provided by the A/T and documented in the A/T-approved technical memorandum that
was prepared following the plant survey (Culturally Significant Plant Sampling Henry, Ballard, and Enoch
Valley Mine Sites 1ate Summer/ Fall 2009 Technical Memorandum [MWH, 2009a])*. The species of
grasses, forbs and shrubs identified at the Site and the relative abundance of each plant are detailed
in Appendix A2 of the RI/FS Work Plan and a discussion of the plants obsetved at the Site is

provided below.

e GRASSES: Of the 16 grasses identified at the Site, smooth brome (Bromus inernzis) is found
to be the dominant species comprising 50 percent or more of the total mine area vegetation.
The second most abundant grass (25 to 50 percent) found at the Site was orchard grass
(Dactylis glomerata). Both of these grasses were used in the seed mixes for waste rock dump
reclamation.

e FORBS: Alfalta (Medicago sativa) is the most abundant of the 51 different forb species found
at the Site. The second most abundant forbs, were Great Basin lupine (Lupinus Xalpestris)
and tapertip hawksbeard (Crepis acuminate).

O Three forbs classified as selenium accumulators were also found at the Site: milk-vetch
(Astragalus sp.) was observed at 5 to 10 percent relative abundance and is a Group 1-
primary selenium accumulator species (NRC, 1983; MWH, 2009b); scarlet Indian
paintbrush (Castilleja miniata) and sulphur Indian paintbrush (Castilleja sulphurea) were
both rarely observed, at a relative abundance of <5 percent, and are Group 2- secondary
selenium absorber species.

e SHRUBS: There were nine species of shrubs identified at the Site. Shrubs were found least
often of all vegetation types. No shrub was classified as abundant in the mine area.

e CULTURALLY SIGNIFICANT PLANTS: Four of the five culturally significant plants
observed at the Site were uncommon or rare (white sage brush, chokecherry, quaking aspen,
and Rocky Mountain juniper). The most abundant species, big sagebrush (Artemisia
tridentata), was classified as common in the mine area.

2 Note that the culturally significant plant species provided by the A/Ts in 2009 varies from the culturally significant
plant species listed in the Shoshone-Bannock Tribes Exposure Scenario for Use in Risk Assessment (Shoshone-Bannock
Tribes, 2016). Generally, the 2009 plant list is a subset of the current (2016) Shoshone-Bannock Tribes list, although
several of the culturally significant plant species from the 2009 list are no longer included on the 2016 list (e.g.,
bitterroot, gooseberry, onions) and several other species are included on the 2016 plant list (e.g., grasses, thistles, and
wild rose). All five of the culturally significant plant species sampled in 2009 are included on the 2016 plant list.
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2.6 HYDROGEOLOGY

The hydrogeologic setting of the Site is strongly influenced by the complex structural setting. The
groundwater system and flow generally is confined to three hydrostratigraphic units (discussed in
Section 2.6.1 below). However, where these units occur and how groundwater flows in them largely
is controlled by the structural geology. The hydrogeology is discussed in both the broader regional

context, and at the local Site level in the following sections.

2.6.1 Regional Hydrogeology

The regional groundwater system can be divided into, (1) local shallow groundwater systems within
basin-fill alluvium, (2) shallow to deep intermediate systems within sedimentary bedrock units, and
(3) regional groundwater flow systems within deeper sedimentary bedrock units. Local systems
generally are recharged and discharged within a single adjacent ridge and valley area. An example of
an intermediate flow system is one that is recharged on one side of a ridge and then discharges to an
adjacent valley on the opposite side of the ridge, whereas regional systems may transmit

groundwater over large distances through multiple interconnecting valleys.

The principal hydrostratigraphic units underlying the Site range in age from Quaternary (alluvium
and basalt) to Pennsylvanian (Wells Formation) in age and are described in Table 2-7 along with the
type of flow system they commonly support. The Quaternary alluvium and colluvium in the valleys
can be up to approximately 150 feet thick and are recharged by direct precipitation and shallow flow

from the topographic high points (i.e., the area ridges).

The alluvial groundwater systems may interact directly with the local surface water systems in the
valleys with gaining and losing streams at different locations. The uppermost alluvial groundwater
typically is unconfined based on water level information from the boreholes and monitoring wells
installed at the Site, which indicates that the water table surface and groundwater flow generally
mirrors and follows the surface topography. This results in groundwater flow from high to lower
topographic areas. However, deeper zones in the alluvial groundwater system may be locally semi-
confined or confined because of alternating clayey and sandy bedding in the alluvium. Where the
sedimentary bedrock units contact alluvium, groundwater will similarly move between the alluvium
and bedrock depending on the hydraulic characteristics of the units and the hydraulic gradients at
different locations. During the drilling conducted at the Site and at other P4 Sites, a transitional

contact zone has been observed between the alluvium and weathered bedrock. This zone of
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weathered bedrock immediately underlying the alluvium often has a higher hydraulic conductivity

than the alluvium and in this situation, the alluvium can act as a confining layer.

The Dinwoody, Phosphoria, and Wells Formations are the principal sedimentary bedrock units in
the area of the Site through which significant groundwater may flow. Previous hydrogeologic
research conducted in the area encompassing the Site indicates the following regarding potential
bedrock groundwater systems in the area:

e The Dinwoody Formation typically supports intermediate groundwater flow systems
(Ralston et al., 1977; Ralston et al., 1980).

e The Phosphoria Formation does not support any major groundwater flow systems.
However, the Rex Chert Member may transmit groundwater locally where fractured (Ralston
et al,, 1977; Ralston et al., 1980). The main ore-bearing unit of the Phosphoria Formation,
the Meade Peak Phosphatic Shale, is relatively impermeable due to low vertical hydraulic
conductivity associated with the shale (Ralston et al., 1980).

e The Wells Formation supports a regional groundwater system (Ralston et al., 1977; Ralston
et al.,, 1980). The Wells Formation has the highest hydraulic conductivity compared to the
other bedrock units in the region (BLM, 1999).

The groundwater flow system in the Dinwoody Formation generally is separated from the deeper
Wells Formation by the low hydraulic conductivity of the Phosphoria Formation (in particular the
Meade Peak Member - see Table 2-7). This causes the upper flow systems in the Thaynes and/or
Dinwoody Formations typically to be local or intermediate in extent, while the lower flow system in
the Wells Formation commonly exhibit regional flow characteristic because of its position below the

Dinwoody and Phosphoria Formations.

Recharge to the bedrock units generally occurs along outcrops, particularly along topographically
high ridges and flows downward along the dip of the geologic beds. Eroded, steeply-dipping beds
are more likely to be significant zones of recharge when compared to flat laying beds because of the
differences between permeability parallel and perpendicular to the bedding. For example, the
steeply dipping outcrops of Wells Formation along the ridge on the west side of the Site should be

and likely are a recharge area.

Groundwater flow through bedrock units is controlled by several factors, including the hydraulic
properties of the units (i.e., with-bedding and cross-bedding hydraulic conductivities) and hydraulic
gradients, the areal extent, thickness and orientation of the geologic units, as well as structural

controls such as folding, fracturing, and faulting. Fracturing of bedrock units (especially chert,

Remedial Investigation Report for the Henry Mine Page 2-12
October 2017



mudstone, and limestone) has the potential to create secondary permeability and increase the

hydraulic conductivity in an otherwise low-conductivity unit.

Faulting in the bedrock units (i.e., where movement or displacement has occurred) also can create
flow barriers where gouge has formed as the result of rock grinding together. Some faults may have
associated fracturing or dilatant zones that enhance permeability. Generally, the larger the fault
displacement or more compressional a fault (e.g., thrust faults versus normal faults), the more likely
it will be to have significant gouge and be a flow barrier. Factors such as rock type, depth,
hydrostatic pressure, and other geologic conditions also can influence the hydrogeologic character of
a fault or fault zone. The Henry Thrust Fault parallel and east of the Site is a significant feature
relating to the regional hydrogeology. The presence of this northwest trending thrust fault likely
results in a barrier to flow perpendicular to the fault because of gouge, although in some areas it may
be a conduit for flow parallel to the fault due to fracturing of adjacent beds. Normal faulting, which

is more likely to create groundwater flow conduits, is not a significant feature of the Site.

Any flow systems encountered in the Phosphoria Formation will not be regional in extent, but could
be intermediate or local in some situations. It is most likely that where groundwater is encountered
in the Phosphoria Formation, it is isolated, structurally-controlled, and thereby generally confined to
specific beds or units. Regardless, flow vertically through the Phosphoria Formation (i.e.,
perpendicular to bedding) is expected to be very limited due to the presence of low permeability
shale and mudstone beds. The potential risk of widespread groundwater contamination in this type
of system is much less than in the more laterally extensive flow systems associated with the other
bedrock units (e.g., the Wells Formation regional groundwater flow system). As such, the current
conceptual models and hydrogeologic investigations are not focused on flow within the Phosphoria
Formation. Previous studies in the Southeast Idaho Phosphate Resource Area have indicated that
spring discharge to surface water from the Phosphoria Formation is an infrequent occurrence
(Winter, 1980; Ralston et al., 1980). It is estimated that approximately two percent of spring
discharge and total stream gain was found to be supplied by the Phosphoria Formation regionally

(Winter, 1980).

2.6.2 Site Hydrogeology
All three of the groundwater systems found regionally (discussed above) are present at the Site. The
alluvial system occurs locally within and adjacent to the mine area where the Little Blackfoot River

cuts through the Site, and along the southern portion of the Site where the P4 Enoch Valley haul

Remedial Investigation Report for the Henry Mine Page 2-13
October 2017



road traverses the Site (Drawing 2-2). The most characteristic alluvial valley near the Site is along

Lone Pine Creek to the east. Basalt beds are located near the Little Blackfoot River where it crosses
through the Site. These beds may have relatively high hydraulic conductivity (due to fractured flow
and in-situ weathering) and are in direct hydraulic communication with the alluvial system when it is
present. However, the basalt at the Site has limited areal extent, and does not represent a significant

hydrogeologic system by itself, and is included with the alluvial system.

The occurrence at the Site of the Dinwoody and Wells Formations, which make up the intermediate
and regional systems, respectively, is discussed in Section 2.4 above. The Dinwoody Formation
occurs on the northeastern side of the Site forming a low ridge, whereas the Wells Formation occurs
on the southwestern side of the Site forming a more pronounced ridge (Drawing 2-2). Flow in the
Dinwoody Formation is thought to be largely northeastward with a possible northwest component
following bedding and toward topographically lower areas, but a northeast component toward the
Henry Thrust is also possible. Groundwater flow in the Wells Formation is toward the Henry
Springs to the northwest. Specifics of groundwater movement in these systems are discussed in
association with the Nature and Extent of Contamination (Section 4.5) and Contaminant Fate and
Transport (Section 5.1). Physical hydrogeologic data collected during the SI/RI supporting the
characterization of groundwater flow include hydraulic conductivity data collected from the
monitoring wells, and piezometric and temperature data collected from data logging pressure

transducers placed in a subset of the wells.

26.21 Hydraulic Conductivity

Hydraulic conductivities were calculated using slug test data from four of the Site monitoring wells
as desctibed in 2009 Well Testing Technical Memorandum, attached as Appendix A4 of the RI/FS Work
Plan. The results summarized in Table 2-8 include data for two monitoring wells installed in the
Wells Formation, one Dinwoody Formation well, and one alluvial well. Drawing 2-1 provides the
well locations. The results ranged from 6.1x10* to 3.0x10” cm/sec with relatively high hydraulic
conductivities recorded in both the Dinwoody and Wells Formations. These results along with
results from the other two P4 Sites help frame the contaminant fate and transport discussion

presented in Section 5.3.

2.6.2.2 Piezometric and Temperature Monitoring
Transducers with data loggers initially were placed in seven monitoring wells at the Site. The data

collected include daily groundwater levels and temperature in these wells, and are used to evaluate
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how the monitored aquifer responds to precipitation/infiltration events, and ultimately how aquifers
may be interconnected. The instrumented monitoring wells include: MMW004 and MMWO010 in the
alluvial unit, MMWO019 screened across a contact between the Phosphoria Formation and alluvial
units, MMWO022 and MMW028 in the Dinwoody Formation, and MMWO011 and MMW023 in the
Wells Formation. One barometric data logger was placed in MMWO011. In addition, water levels
have been measured with a level sounder routinely during individual groundwater sampling events.
The locations of the monitoring wells are shown on Drawing 2-1. The transducer/data logger was
pulled from monitoring well MMWO004 (northern alluvial aquifer) in September 2009. The unit was
placed in a new monitoring well at the Enoch Valley Site. Data for MMW004 previously were
presented in the RI/FS Work Plan (Appendix A4), and because the data were typical with no
significant conclusions developed, they are not discussed again herein. Data for the other six

monitoring wells with recent data are discussed below.

Data for alluvial monitoring well MMWO010 (south area) are presented in Figure 2-2. The
groundwater levels and temperatures show pronounced seasonal responses with relatively little year
to year variability. The upper limit to the groundwater level is the ground surface, which is
approached every spring. There also appears to be a lower bound that may be the bottom of the
uppermost permeable unit in the alluvium. (Spikes in the water levels seen in the winter and spring
months may be due to the water surface in the shallow well briefly freezing.) As noted later in
Section 4.5.2.1, the selenium concentrations appear to correlate with the groundwater levels, with
the highest selenium concentrations occurring with high groundwater levels. The groundwater
temperature responds to the spring recharge. The temperature falls during the rising limb of the

hydrograph indicating the inflow of cool surface water, and rise after the peak spring recharge.
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FIGURE 2-2

GROUNDWATER HYDROGRAPH AND TEMPERATURES FOR ALLUVIAL MONITORING
WELL MMWO010
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The hydrograph for MMWO019 is presented in Figure 2-3. After 2013, MMWO019 data were no
longer downloaded. The hydraulic response of the monitoring well indicates a very local source of
recharge (i.e., interflow from the adjacent slope). The top of the sand pack in the well is at three feet
below ground surface (bgs), which is at a depth that could intercept interflow. The temperature data
appear to respond the seasonal fluctuations in air temperature with a slight downward bump during

the recharge event. The minimum temperature occurs in early spring and the maximum in early fall.
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FIGURE 2-3
GROUNDWATER HYDROGRAPH AND TEMPERATURES FOR ALLUVIAL MONITORING
WELL MMWO019
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The hydrograph and temperature data for Dinwoody Formation monitoring well MMWO022 are
presented in Figure 2-4, and the winter precipitation at the Blackfoot Bridge Mine, and the nearby
Enoch Valley Mine, is presented on Table 2-9. The hydrograph shows a typical seasonal response
with the peaks proportional to the size of the recharge (snowmelt) event. The hydrograph is
punctuated by a large recharge event in 2011 and a second smaller, but notable recharge event in
2009. The 2011 recharge event was associated with winter precipitation approximately twice that of
other recent years as indicated in Table 2-9, and the 2009 recharge event was also associated with
proportionally elevated winter precipitation. These larger recharge events in 2009 and 2011 are
observed in wells throughout the P4 Sites, and are associated with increases in analyte

concentrations in some locations (e.g., MMWO020 at the Ballard Site, Ba/lard RI Repors).

It appears that after the larger 2011 recharge event at MMWO022 that the selenium concentration
increased at the location from approximately 0.020 to 0.045 mg/L (see Section 4.5.1.1). The
groundwater temperature in this deep well is relatively invariant at approximately 3.38 °C with the

exception of a slight upward bump associated with the 2011 recharge event.
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FIGURE 2-4
GROUNDWATER HYDROGRAPH AND TEMPERATURES FOR DINWOODY MONITORING
WELL MMWO022
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The hydrograph for the second Dinwoody Formation monitoring well, MMW028, is presented in
Figure 2-5. The data logger in the well failed and would not download after 2013. The unit was
not replaced. The hydraulic response in MMWO028 is very similar to MMWO022. The temperature
shows a gradual downward trend with downward spikes of approximately 0.01 to 0.2 degrees during
the snowmelt and the spring recharge events. Figure 2-6 compares the two Dinwoody Formation
monitoring wells MMWO022 and MMWO028. It is apparent that the shallower MMWO028 responded
slightly earlier (approximately a week) to recharge and with sharper peaks and greater amplitude
(MMWO028 is 96 feet deep whereas MMWO022 is 326 feet deep.) This water level response, along
with the temperature response (Figure 2-6), suggests that MMWO028 is closer to a recharge source,
which is reasonable given its shallower depth. It is also notable that the water level in MMWO028 is
deeper than MMW022 indicating an apparent gradient northward toward MMWO028 (i.e., MMW022
has a higher hydraulic potential). The apparent flow direction in the Dinwoody Formation is shown

on Drawing 2-2.
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FIGURE 2-5
GROUNDWATER HYDROGRAPH AND TEMPERATURES FOR DINWOODY FORMATION
MONITORING WELL MMWO028
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FIGURE 2-6

GROUNDWATER HYDROGRAPHS FOR DINWOODY FORMATION MONITORING WELLS
MMWO022 AND MMWO028
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Monitoring wells MMWO011 and MMWO023 are installed in the Wells Formation. Monitoring well
MMWO11 is screened at 95 — 115 feet below grade with water level 75 — 90 feet below the ground
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surface. The well is located on the south bank of the Little Blackfoot River a few feet above the
river level. As seen in Figure 2-7, there is about a 45-foot range in water levels with a rapid
response to snowmelt. The Little Blackfoot River crosses the Wells Formation (i.e., underlies the
river channel) near MMWO11, and the hydrograph from this monitoring well indicates increased loss
from the river to the Wells Formation especially during high flow events. This portion of the river
corridor is believed to be an area of recharge to the formation. After May 2012, the water levels
generally increased and they became more erratic. The temperature also began to gradually increase.
This variability is possibly the result of changes in the Little Blackfoot River flows. The spiky
character of the MMWO11 hydrograph suggest an anthropogenic influence, specifically periodic
water releases to the river affecting recharge to the Wells Formation. Continuous flow gauging is
not conducted on the river anywhere, nor have any new discharges to the watershed been identified.

Therefore, P4 has not identified a specific cause for the abnormal hydrograph in MMWO011.

FIGURE 2-7
GROUNDWATER HYDROGRAPH AND TEMPERATURES FOR WELLS FORMATION
MONITORING WELL MMWO011
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The second Wells Formation monitoring well is MMW023 located north of the Little Blackfoot
River in the unbackfilled portion of the MMPO041. This well shows a typical seasonal response
pattern consistent with the other deeper Site monitoring well MMWO022 (Figure 2-8). The same

peaks associated with the high 2009 and 2011 winter precipitation events (Table 2-9) are seen, but
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the effects of the greater recharge takes several years to dissipate. Compared to MMWO11, the range
of water levels over the monitoring period is only about 7.5 feet. Water levels in MMWO023 have a
strong barometric response producing a “noisy” hydrograph, which is typical of a confined aquifer
and is more apparent because of the relatively small range of water levels. Both the raw data and the
data corrected for barometric changes are presented in Figure 2-8. The temperature in the well is
relatively invariant with small bumps during spring recharge and a slight downward drift similar to

the pre-2012 MMWO11 temperature data.

FIGURE 2-8
GROUNDWATER HYDROGRAPH AND TEMPERATURES FOR WELLS FORMATION
MONITORING WELL MMWO023.
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*Raw water levels are adjusted to compensate for barometric rchanges using barometric readings from MMWO011 barometric logger.

Monitoring wells MMWO011 and MMWO023 are on the conceptual flow line in the Wells Formation
that is assumed to terminate at the Henry Springs approximately 1.5 to 2 miles northwest. This
Wells Formation flowpath is illustrated on Drawing 2-2. (This flow path has been put forth by
several other researchers including: Mayo, 1982; Ralston, et. al., 1983; Ralston, 2010). Therefore, the
gradient between the two monitoring wells is important for helping to validate the conceptual flow

direction.

As seen in Figure 2-9 comparing the two hydrographs, the water levels in MMWO11 are 10+ feet
higher than MMW023 indicating an apparent gradient to the northwest and the Henry Springs.
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FIGURE 2-9

GROUNDWATER HYDROGRAPHS FOR WELLS FORMATION MONITORING WELLS
MMWO011 AND MMWO023
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The Henry Springs discharge at an elevation approximately 6,135 feet AMSL, or approximately 25
feet lower than the water level in MMWO023. They have formed a large area of travertine located
approximately 1 mile west of the northern portion of the Site (refer to Drawing 2-2 for the location
of the discharging Henry Springs). The springs and associated flow system were sampled and
evaluated by Mayo (1982) and Ralston, et al. (1983). These authors recorded the positions of five
springs, but there are likely several more. For example, they noted that the spring identified along

the banks of the Little Blackfoot River was only one of several in that location.

Sampling for the major ions indicate that the water discharging from the springs is a highly evolved
calcium-carbonate water type discharging from the Wells Formation. The sulfate content of the
springs is low, averaging approximately 50 mg/L. The water discharging from one of the springs
was dated at 20,500 years old (Mayo, 1982). The flow volume (> 4,000 gpm), chemistry, and age
date indicate this is groundwater discharge from a large portion of the Wells Formation (which

represents a large area) and other regional aquifer formations.

It also should be noted that photos from the Henry Mine operational period, anecdotal reports, and
the presence of dewatering wells at the southern mine pits indicate that the bedrock groundwater
level in these pits was high enough to interfere with mining. The dewatering wells MPW022 and

MPWO023 were apparently not successful in dewatering the mine pits. This suggests that the source
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of groundwater was likely from the Wells Formation, not the Phosphoria Formation. Pit bottom
elevations for the southern pits were on the order of 6,400 to 6,500 ft-AMSL (note the elevation of
MSPO055 is approximately 6,510 ft-AMSL, Drawing 2-2.) This suggests that the water level in the
Wells Formation in the southern portion of the mine may be as much as 200 feet higher than at
MMWO011. While indirect data, this information provides further support for inferring a

northwestward groundwater flow direction in the Wells Formation along the bedding plane.

2.7 ECOLOGY

The ecology of the SW Idaho area and the Site area have been previously presented in several
relevant reports. The biological resources in the Southeast Idaho Phosphate Resource Area are
discussed in the Area-Wide Assessment (TetraTech, 2002), and the 7998 Regional Investigation Report
(MW, 1999) presents a detailed discussion of the regional ecology. The Blackfoot Bridge
Environmental Impact Statement (EIS) also provides a detailed discussion of the ecology in the area
of the Site. The Site ecology is briefly presented below based on these documents and Site-specific

information.

The vegetation in the Southeast Idaho Phosphate Resource Area is transitional between the Great
Basin vegetation to the south and the Rocky Mountain vegetation to the north (MW, 1999). The six
vegetation types within the Southeast Idaho Phosphate Resource Area are a result of elevation,
moisture, temperature, soil type, slope, and aspect. Three communities dominate the Site including
non-forest lands, forested lands, and less common riparian and wetlands areas. The non-forested
land predominates on and around the Site. Forested land (dominantly conifers) is primarily located
near the southern end of the Site. The central portion of the ridge bounding the eastern side of the
Site is dominantly aspen and scattered aspen are present on most of the leeward slopes. Riparian
and wetland areas occur locally near ponds, seeps and springs, and streams including the Little

Blackfoot River.

Vegetative cover on the reclaimed areas of the Site is good to excellent with better than 90 percent
coverage in most areas. The vegetation consists mainly of grass and forbs species and some areas

with a higher concentration of woody species.

Additional information on the soil and vegetation at the Site obtained from surveys conducted in

2009 can be found in Section 2.5.2 above and Appendix A2 of the RI/FS Work Plan. 1n addition, the
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chemical data associated with the Site vegetation (including some breakdown by plant type) is

presented in Section 4.2 of this document.

Based on previous investigations, the Southeast Idaho Phosphate Resource Area contains or
supports about 75 species of mammals, 272 species of birds, 16 species of reptiles, 16 species of
fish, and seven species of amphibians (USGS and USFS, 1977; USFWS, 1985 and 1997; and Idaho
Conservation Center Data Base 1999, all as cited in MW, 1999). More specifically, the Blackfoot
Bridge Mine EIS provides specific discussion of the ecology and animal species that are thought to
occur in the immediate area, and those that have been observed in the Blackfoot Bridge project area
located approximately four miles south of the Site (BLM, 2011). These include several members of
the rodent family such as marmot, various bats, intermediate and large-sized mammalian species
such as badgers, deer, elk, and moose, raptors, several migratory birds, reptiles such as garter snakes,

and amphibians.

The only threatened and endangered species occurring in Caribou County, in which the Site is
located, is the Canada lynx (Lynx canadensis). The Canada lynx is listed as threatened species

(USFWS, 2008). To date, the species has not been seen at the Site.

2.8 DEMOGRAPHY AND LAND USE

Farming and ranching are the dominant land uses in the vicinity of the Site, although public
recreation is important on the adjacent Federal/State lands. The primary public recreational use is
hunting. Mining is the principal use of the area with active mining being conducted by P4, as well as

Agrium, in the vicinity of the legacy P4 Sites.

Potential water resource uses in the Site area include industrial use, irrigation, stock watering,
recreational use, wildlife use, and cold-water biota use. Groundwater use in the vicinity of the Site is
dependent on several variables, including population and land use, availability and quality of surface
water, and availability and quality of groundwater. Near the Site, groundwater use generally is
limited to livestock watering with some residential domestic wells primarily in the valley east of the

Site. Farming consists of dry-land crops that often are not irrigated.

Grazing that occurs on the former State-leased portions of the Henry Mine is between the Idaho

Citizens Grazing Association and Idaho Department of Lands.
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The area surrounding the Site is sparsely populated. The largest nearby population center is Soda
Springs, Idaho, which is located 16 miles to the south-southwest of the Site. The unincorporated
community of Henry with a population of less than 100 is located about one mile to the north-
northwest of the Site. Outside of these areas, the population largely resides on scattered ranches and

farms.

Soda Springs is the largest community in Caribou County and accounts for nearly half of the county
population. The 2014 Census (U.S. Census, 2010) counted 3,058 residents. Current census data for
Caribou County can be found at the following website.

http://quickfacts.census.gov/qfd/states/16/16029.html

29 CULTURAL AND NATURAL RESOURCE FEATURES

Cultural resources are often equated with archaeology, but also include cultural landscapes, historical
records, social institutions, expressive cultures, and old buildings. SE Idaho is located within the
Snake River and Salmon River culture area of the northern Great Basin (Butler, 1986). The Site is
located in the Central Rocky Mountains at the edge of this culture area. As stated in the Blackfoot
Bridge EIS (BLM, 2011), the chert and porcellanite facies of the Phosphoria Formation in SE Idaho
are not important archeological resources due to the low number of fossils and impurities found in
the formation. The rocks were not of adequate quality to be attractive to early area inhabitants for
stone tool manufacture. Additional details of the cultural resources, including the prehistoric

context of SE Idaho, are documented in the Blackfoot Bridge EIS (BLM, 2011).

In a historic context, the first recorded Euroamericans to arrive in SE Idaho were fur trappers and
explorers in the early 1800s. Other immigrants including those traveling through the area to the
west coast, Mormon pioneers, and gold miners continued to settle the area in the 1800s. The
encroachments of these Euroamerican settlements led to displacement of the native peoples in the
area, primarily the Shoshone and Bannock Tribes. The Fort Hall Reservation, north of Pocatello,
was established in 1868. The Fort Bridger Treaty established in 1868 was a Peace Treaty between the
United States and the Shoshone and Bannock Tribes. Part of the Treaty Rights resulting from the
Fort Bridger Treaty was intended to preserve the rights of the Tribes to hunt, fish, gather, and
practice other traditional land uses. It was written that these activities were to occur in unoccupied
federal lands. Through this, the Shoshone Bannock Tribes continue to gather traditional use plant

species and vegetation on unoccupied federal lands. The Federal government has an obligation to
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consult with the Shoshone and Bannock Tribes on issues that could have a bearing on their

traditional use of the land in the area of the Sites or that could impact their Treaty Rights.

2.10 SOURCES OF CONTAMINATION

The constituents of potential concern and potential ecological concern (COPCs/COPECs) are
metals and metalloids (e.g., selenium) and radionuclides (e.g., uranium-238 and decay products such
as radium-220) that occur naturally in the geologic formations at the Site. Historic mining activities
exposed these formations and created constituent-enriched landforms (i.e., waste rock dumps and
mine pits). Infiltrating precipitation and snowmelt and erosional forces act to mobilize constituents
to downgradient environmental media (soil, sediment, surface water and groundwater). These
constituent sources are discussed below. Additional discussion regarding contaminant fate and

transport is included in Section 5.0.

2.10.1 Phosphoria Formation

The primary known/recognized source material of contaminants associated with phosphate mining
in SE Idaho is the Meade Peak Member of the Phosphoria Formation (see Table 2-7 for a
stratigraphic column). In particular, the waste shale between ore horizons contributes much of the
constituent loading. This is in part because the middle or center waste shale (CWS), as it is known,
represents a significant portion of the overburden that is stockpiled when the ore is removed, and
this shale is enriched with COPCs/COPECs, most notably selenium, but also other elements like
cadmium and uranium. Please note that in undisturbed and pre-mined areas, these same enriched
constituents contribute to elevated background concentrations of these COPCs/COPEC:s in soils
overlying the Meade Peak Member. However, because of local pedogenetic and geochemical
conditions, the actual constituents that are elevated and their concentration may vary spatially in
these soils (i.e., more or less enriched depending on location). In addition, naturally elevated
background concentrations in the soils overlying the Meade Peak Member can result in elevated
concentrations of some elements in soil downslope of Meade Peak outcrops in soil and it is
hypothesized that concentrations may be elevated in stream sediment, and possibly downgradient
groundwater and surface water (MWH, 2015b). Thinner waste shale beds above and below the ore
horizons also contain elevated concentrations of the Site constituents. Figure 2-10 depicts the
relevant portion of stratigraphic section associated with mining activities in SE Idaho along with the

average phosphorus content of the ore horizons.
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The general lithogeochemistry of the Meade Peak Member is summarized in Herring and Grauch
(2004) in which 11 major elements and 21 trace elements are evaluated and discussed. These
researchers note that concentrations of cadmium, chromium, selenium, silver, uranium, and zinc are
“exceptionally” enriched in the Meade Peak Member compared to the world-wide shale average as

shown in Table 2-10.

It is specifically noted that the range of mean selenium values for the individual ore and waste shale
units (upper, center, and lower waste shale, and upper and lower ore) is 39 to 68 parts per million
(ppm; approximately equivalent to milligrams per kilogram dry weight; mg/kg dw), compared to a
typical shale average of approximately 0.8 ppm (Herring and Grauch, 2004). Perkins and Piper
(2004) also summarized lithogeochemical data from the Meade Peak Member. Their statistical
summary is presented in Table 2-11 for soil COC and other elements of interest. Included in this
table for comparison are the background concentrations developed for the RI. It is apparent from
this work that the Meade Peak bedrock is enriched in all the soil analytes of interest and that soils
formed over the Meade Peak will have some of the highest COC concentrations observed on the

Site.

The upper Phosphoria Formation Rex Chert and Cherty Shale lithogeochemistry is presented in
Hein, et. al. (2004a), and the document includes a presentation of the geochemistry of these units at
the adjacent Enoch Valley Mine. The mean concentrations observed in the Rex Chert and Cherty
Shale at Enoch Valley are: 4.37 ppm for arsenic, 18.3 ppm for selenium, 297 ppm for chromium,
and 282 ppm for zinc. Cadmium and uranium data are not reported. Also noted is that the higher
selenium concentrations are from rocks transitional to the Meade Peak. Without the transitional
rocks included in the means, the average selenium concentration is less than 1 ppm. Hein, et. al.
also stated that other elements of environmental interest occur at concentrations neatr or below the

shale average.

The leachable elements in the Meade Peak Member were evaluated in Herring (2004) for rocks
collected from measured sections at the Enoch Valley Mine (two sections and one core) and two
other mines: the Rasmussen Ridge Mine, adjacent to Enoch Valley Mine; and the Dry Valley Mine,
southeast of the Henry Mine (one section each). Herring observed that selenium, cadmium, and
zinc are most leachable from unweathered rocks. The study indicates that oxidation after excavation

from a mine is not needed for the initial release of selenium and other trace elements.
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The most relevant data summarizing the elemental enrichments found in the mined units at the
Henry Site are summarized above. Some additional data describing elemental concentrations
contained within the Meade Peak Member is presented in the Ballard RI Report. 1n addition, P4’s
sampling of soils overlying the Meade Peak Member is described in the On-Site and Background Areas
Radiological and Soil Investigation Summary Report for P4’s Ballard, Henry and Enoch 1 alley Mines prepared
in 2015 (Radiological/ Backgronnd Report; MWH, 2015b) support the hypothesis that soils formed over
the Meade Peak Member of the Phosphoria Formation will have some of the highest COC

concentrations observed on sites where it is present.

2.10.2 Waste Rock

As described in the Ba/lard RI Report there have been several studies conducted at mine areas near
the Site that provide data on the character and behavior of waste rock. A study was conducted at
the Enoch Valley Site where the waste rock was drilled and various geochemical, hydrological, and
physical measurements were collected throughout the waste rock profile (Tetra Tech, 2008). A
second useful study was a baseline geochemistry study conducted for the Blackfoot Bridge EIS. The
results of this study were reported in Whetstone (2009) and BLM (2011). These studies provide
some insight into to the processes that may also be occurring at the Site, and they are summarized

extensively in the Ba/lard RI Report.

Key findings that are correlative to the Site and are considered in the conceptual model were:

e The Enoch Valley Site waste rock is net neutralizing on average with no samples
characterized as acid generating.

e At the Enoch Valley Site, the total selenium concentrations ranged from 0.79 to 139 mg/kg
with leachable selenium ranging from not detected at 0.0001 mg/L to 0.119 mg/L., and
sulfur ranged from not detected at less than 0.01% to 2.08%.

e The depleted oxygen and elevated carbon dioxide with increasing depth in the Enoch Valley
Site waste rock suggests that microbial decomposition of organic matter is occurring in the
pit backfill along with limited air circulation and that sulfide oxidation is probably only
occurring within a few feet of the surface. However, even without large amounts of sulfide
oxidation, leachable (soluble) selenium is available through the Enoch Valley Site waste rock.
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FIGURE 2-10
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e At Blackfoot Bridge Mine, it was noted that antimony, arsenic, cadmium, chromium, copper,
lead, mercury, silver, strontium, and uranium were most concentrated in the ore beds.
Nickel, selenium, and zinc were most concentrated in the waste shale. Molybdenum was
concentrated in the ore and waste shale.

e Results from the synthetic precipitation leaching procedure (SPLP; EPA Method 1312) on
Blackfoot Bridge Mine waste rock indicated that selenium could leach in concentrations
exceeding the State of Idaho sutrface water criterion of 0.005 mg/L.

O It was found in column studies conducted for the Blackfoot Bridge Mine that with the
exception of iron and manganese, which may be more mobile in lower oxygen
environments, elements of concern were less mobile in the saturated conditions and
more mobile in the unsaturated conditions. This was particularly true for selenium,
which was relatively immobile in the saturated conditions (BLM, 2011). Selenium
exceeded the State of Idaho sutrface water quality standard of 0.005 mg/L in all
unsaturated column effluents for all cycles; however, for the saturated columns, selenium
was exceeded only in the first cycle samples.

While the specific analyte concentrations determined during the Blackfoot Bridge Mine and Enoch
Valley Site studies are not directly relevant to the Site, these data help support the overall site
conceptual model and the understanding of contaminant mobility and transport in geologic
materials similar to the Site. For example, the differences in analyte mobility observed in saturated
(oxygen limited) and unsaturated (oxygenated) Blackfoot Bridge Mine columns may help clarify the
conceptual model and explain why elevated constituent concentrations are detected or are not

detected depending on the hydrogeologic setting.

In addition to the geochemical data collected from waste rock studies, some site-specific non-
chemical data have been collected at Enoch Valley Site that are useful for development of the
general Site conceptual model. These data were collected during the Tetra Tech (2008) Waste Rock
Study, including grain size data, moisture content, and soil moisture characteristic curve results. An
extensive summary is presented in the Ba/lard RI Report and is not repeated here. Its importance will
be primary for use in the 'S and will need to be evaluated for that study. However, one of the key
findings was that covers resulted in percolation into the waste rock of only approximately 2 percent
of the annual precipitation. Continued cover performance monitoring will provide valuable data

related to cover system designs that will be used during the evaluation of alternatives in the FS.

Data from all three sites monitored by O’Kane Consultants (O’Kane, 2009a & b) may be useful in
establishing hydrologic characteristics of various cover configurations that occur at the three P4
Sites, including various thicknesses of soil and rock cover. In 2007 and 2009, several site locations

were instrumented with a network of moisture sensors (e.g., time domain reflectometry or TDR
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sensors) including P4’s South Rasmussen Mine. Data from this site and the other sites monitored
by O’Kane Consultants (O’Kane, 2009a and 2009b) may be useful in establishing hydrologic
characteristics of various cover configurations that occur at the three P4 Sites, including various

thicknesses of soil and rock cover.

2.10.3 Mine Pits

Specific data have not been collected from the Phosphoria Formation exposed in mine pits to
address how readily pit walls release selenium and other analytes. However, the lithogeochemical
characterization, discussed in the RI/FS Work Plan likely is accurate for release of selenium and
other analytes given that the bedrock is exposed in the pit walls. Fundamentally, the rate and mass
of constituent release from the exposed pit walls will be lower than for the waste rock dumps. This
is because there is much less rock surface area available for leaching in a pit wall compared to a
waste rock dump. Any leaching of soluble selenium in the mine pits would occur via similar
geochemical processes to the column leach tests such as those conducted for the Blackfoot Bridge

Mine (BLLM, 2011), and selenium would theoretically decline over time as the soluble fraction is

leached.

Selenium release associated with the Site mine pits is likely minimal because the Wells Formation
(the footwall bed) is the majority of rock exposed in the mine pits. Small sections of unmined
exposed Meade Peak Formation are potentially present in the end of the unbackfilled portion of
mine pit (MMP044), and also present in the bottom and east (hanging wall) side of the unbackfilled
areas of pits MMP041 and MMP044. However, where exposed in the mine pits, the Meade Peak is
often covered by shallow soil and pit wall talus from the overlying beds (i.e., the Rex Chert and
Cherty Shale).
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3.0 SITE INVESTIGATIONS

The data collected for the Site mostly were obtained as patt of the EE/CA SI as described in the
RI/FS Work Plan. However, some studies were identified in the RI/FES Work Plan to address data
gaps or other longer-term data needs. The scope and data produced from the EE/CA SI and
supplemental RI/FS studies ate presented in this section. These data are used in the evaluation of

nature and extent of contamination that is presented in Section 4.0.

Table 3-1 outlines the number of samples for various media collected since the 2003 CO/AOC that
are relevant to the Site and as part of the RI/FS. Table 3-2, summarizes the analytical parameters
that have been analyzed for each of the media. Maps depicting the spatial distribution and

concentrations of the key constituents throughout the Site are presented in Section 4.0.

3.1 PREVIOUS INVESTIGATIONS

Several studies have been conducted since 1996 at and near the Site to assess the nature and extent
of impacts from phosphate mining. These studies are listed chronologically in Section 2.3 of the
RI/FS Work Plan and a subset of notable investigation and study reports is provided below. Studies
conducted from 1996 to 2004 are included for historical context with the recognition that older data,
and data collected at other P4 and regional phosphate mining sites, may provide insight into fate and

transport behavior of constituents at the Site.

1998-2001
Regional Investigation Data Summary Reports (MW, 1998-2001b)

2002
o Area Wide Investigation Data Summary Reports (IMWH, 2002a and 2002b)

o Final Area Wide Human Health and Ecological Risk Assessment, Selenium Project, Southeast Idaho
Phosphate Mining Resource Area (Tetra Tech, 2002)

2004

o Area Wide Risk Management Plan: Removal Action Goals and Objectives, and Action 1evels for
Addressing Releases and Impacts from Historic Phosphate Mining Operations in Southeast Idaho
(IDEQ, 2004a)

2007
o Interim Phase I SI Evalnation Summary Report, Draft (MWH, 2007)
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2008

®  [nterim Report for Hydrogeologic Investigation Revision 3 — 2007 Hydrogeologic Data Collection
Alctivities & Updated Conceptual Models (MWH, 2008)

2010
o Data Quality and Usability Report (DQUR) and Data Approval Request (DAR) — Final, Revision
2 (MWH, 2010)
2011

®  Remedial Investigation/ Feasibility Study Work Plan for P4’s Ballard, Henry and Enoch 1V alley
Mines. (MWH, 2011)

The evaluation of the 2004 to 2009 EE/CA SI data in the RI/FS Work Plan identified data gaps that
were fulfilled through supplemental studies. These supplemental RI investigations and the year(s)

they were conducted are listed below:

e Ongoing surface water and groundwater monitoring (2010 - 2014)
e Sediment, riparian soil, and surface water sampling (2010)
e Direct-push borehole installation (2010)
e Background levels development (2013 and 2015)
e On-Site and Background Areas radiological and soil investigations (2015)
These RI/FS supplemental studies are documented in the 2010 - 2014 Data Summary Reports

(DSRs) in addition to the several reports and technical memorandums listed below.

201

®  Ballard, Henry, and Enoch 1V alley Mine, Remedial Investigation and Feasibility Study, Backgronnd
Levels Development Technical Memorandum (Background 1evels Tech Memoy MWH, 2013a)

o 2010 and 2012 DSR Ballard, Enoch 1 alley, and Henry Mines Remedial Investigation Activities

(MWH, 2013b)
2014
e 2013 DSR Ballard, Enoch Valley, and Henry Mines Remedial Investigation Activities (MWH,
2014a)

o Remedial Investigation Report for P4’s Ballard Mine (Ballard Mine RI Report; MWH, 2014b)

2015
o 20714 DSR Ballard, Enoch V alley, and Henry Mines Remedial Investigation Activities (MWH,
20152)
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»  Radiological/ Background Report (MWH, 2015b)

3.2 SURFACE/MINE FEATURES

Physical characterization of the Site was conducted during the EE/CA SI. Digital topography for
the existing Site was obtained from high resolution aerial mapping conducted for P4 in 2008. These
data were compared to digital pre-mine topography from the USGS. A computer program used
these two topographic surfaces to perform a cut-and-fill analysis as discussed in Section 2.1 to
obtain the extent and volumes of the mine features focusing largely on the mine waste rock
accumulations. The topographic information and extent of mine features were then verified with
the high resolution orthophotography obtained by P4 and with on-the-ground surveys, including
data relating to mass wasting, soil cover, and other physical attributes from activities conducted in
2004 and 2008 (MWH, 2004 and MWH, 2009b). Other sources of data relating to the physical
characterization of the Site area are P4 records, including a large set of hardcopy mine maps. The
remaining information collected for the physical characterization of the mine area was obtained by

direct physical observation during the numerous field activities, and by researching public records.

3.3 UPLAND SOIL/WASTE ROCK AND VEGETATION INVESTIGATIONS

Upland soil/waste rock and vegetation samples were collected from the Site during studies in 2004,
2009, and 2014 as summarized on Tables 3-1 and 3-2. These studies addressed soil and vegetation
in upland areas on mine waste dumps, mine pits, native ground, and other ancillary areas including
haul roads. The locations of the upland soil/waste rock and vegetation samples are shown on
Drawing 3-1. These data provide the basis of the nature and extent discussion presented in Section

4.1.

3.4 RIPARIAN SOILS, VEGETATION, AND SEDIMENT INVESTIGATIONS

Sediment, riparian soils, and riparian vegetation samples were collected from the Site in 2004 and
2010. These sample locations coincide with and are a subset of the surface water locations
mentioned in Section 3.5 (at stream locations, springs, dump seeps, and ponds). The surface
water/tipatian sample locations are described in Tables 3-1, 3-2, and 3-3, are shown on Drawing 3-

2, and results are presented in Sections 4.2 and 4.3.
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3.5 SURFACE WATER INVESTIGATIONS

Surface water investigations between 2004 and 2014 have utilized 30 designated sampling locations
in areas in, near or downstream of the Site. The surface water locations include stream locations
(including on the Little Blackfoot River), springs, dump seeps, and ponds. These locations are
presented on Drawing 3-2 and the investigations are summarized in Tables 3-1, 3-2, and 3-3. A
photographic log showing the stations is provided in Appendix C. Results and evaluations of

surface water sampling data are presented in Section 4.4.

3.6 GROUNDWATER INVESTIGATIONS

The groundwater investigations included identifying and obtaining available mine maps, cross-
sections and exploration logs, and the locations and logs for domestic, agricultural, industrial, and
monitoring wells within a three-mile radius of the Site. These data were used to help develop
conceptual models and identify flow paths for investigation. The flow paths investigated were those
thought to most likely be affected by releases from the potential sources (i.e., waste rock and mine
pits). Groundwater sampling and monitoring data were used to evaluate the movement of

contaminants in the three primary groundwater systems identified in Section 2.6.

Groundwater monitoring wells were installed for collection of groundwater samples in 2007 and
2008 in support of the EE/CA hydrogeologic characterization. Several existing wells were sampled
as early as 2004, of which only three were used for EE/CA sampling at the Site. Ditect push
borehole sampling events were conducted in 2009 and 2010, to collect grab (one-time) groundwater
samples. One permanent direct-push monitoring well was installed during the 2009 direct push

event.

Excluding the direct push investigations, collection of groundwater samples from Site monitoring
wells between 2004 and 2014 has been on a semi-annual to annual basis for all of the groundwater
monitoring locations depicted on Drawing 3-3. The locations of the wells and boreholes sampled
as part of the groundwater investigation and one-time direct-push sampling are shown on Drawing
3-3 and summarized on Tables 3-4, 3-5 and 3-6. Results and evaluations of groundwater sampling

data are presented in Section 4.5.

Agricultural and domestic wells are shown on Table 3-4 and Drawing 2-1. These wells were
assigned to the background data set, which are presented and discussed in MWH, 2013a. The

background data set as it relates to the Henry Site is summarized in Section 4.5.
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3.6.1 Supplemental Groundwater Analyses

A selenium study was conducted at the Site as part of the Selenium Speciation Study in Ground Water at
Ballard and Henry Mines (IMWH, 2006), which included the sampling and laboratory analysis
procedures and the results. Groundwater samples were collected from Ballard and Henry Site wells
and analyzed to determine the selenium species in the samples. Two Henry Site wells, MMW004
and MPW022, were sampled in November 2005 and the findings of this study are summarized in

Section 4.5.

3.6.2 Aquifer Solids Sampling

Five rock chip samples were collected from well boreholes as part of monitoring well installation
between July and September 2007. The samples were analyzed for chemical parameters and
COPCs, and the data are presented in Section 4.5.5. These data are useful for evaluating the effects

the aquifer may have on the water quality.

3.7 ECOLOGICAL INVESTIGATIONS

A variety of biological-chemical data (elk tissue, bird egg, and a cattle study) are available from the
pre-2003 CO/AOC petiod, but these data were not validated to current standards. However, the
A/T and P4 have agreed that sufficient data and information are available so that the data could be
validated to current standards, should a need be identified for quantitative use of the data to support
the BRA. The cattle data in particular are relevant as they were collected from cattle grazed on a
Henry Site waste rock dump, and the study included data for associated cattle tissues, vegetation and
soils as discussed below in Section 4.6.3. These pre-2003 data and associated data quality
evaluations are detailed in the Data Quality and Usability Report (DQUR, MWH, 2010) and
summarized in the RI/FS Work Plan.

Additional pre-2003 CO/AOC biological and chemical data exist that may not be able to be
validated to current standards. For example, limited small mammal sampling was conducted in
waste rock areas of the Site in 2001. If, following the risk assessment, the need to sample small
mammals is under consideration, then the pre-2004 biological data may be useful for comparative
purposes to refine the data requirements or for developing a scope. As discussed in Section 6.0,
these pre-2004 data are not used to calculate potential impacts to biologic receptors in the BRA

presented in this RI Report. However, validated data are available from 2004 for other ecological
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receptors, including various aquatic invertebrates and fish. Past ecological investigations in support

of the RI are listed and discussed below.

3.7.1 Habitat Assessment and Function Use Surveys
In 2004, P4 conducted aquatic and terrestrial (riparian) habitat assessments. In addition, in 2004, P4
and the A/Ts performed functional use inspections of the non-regulated surface water features (i.e.,

ponds) at the Site (IDEQ, 2004b). These assessments are summarized in Section 4.4.2.

3.7.2 Aquatic Biota

Benthic macroinvertebrate samples were collected in June 2004 at 17 stations at the Site. Forage
fish/salmonids were collected in May 2004 from three stations along the Little Blackfoot River.
These data were reported in the Interim Phase I S1s Evaluation Summary IMWH, 2007) and are

summarized in Section 4.6

3.7.3 Terrestrial Biota

No terrestrial biota data were collected during the post-2003 EE/CA project. However, some data
from prior to the EE/CA project may be of use to the RI as discussed above. Twenty (20) cattle
were studied in 1999 at the Henry Site. The study took place on cattle grazing areas at reclaimed
overburden dumps at the Henry Site and in a background area. Items sampled during the grazing
portion of the study included soil and vegetation in the pasture areas, blood and blood serum
collected from the cattle. This initial onsite investigation of soil and vegetation was followed by a
study of the cattle after they were removed from the grazing area and moved to a feedlot. Samples
included blood, muscle and organ tissue. The sampling protocol and resulting tissue data for the
feedlot portion of the study are both presented in the 7999 Interim Investigation Data Report (MW,
2000). These data are summarized in the RI/FS Work Plan and are presented in the DOQUR. As
discussed above, these data currently can be used qualitatively in the BRA and can be validated to

current standards, if needed.
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4.0 NATURE AND EXTENT OF CONTAMINATION

This section presents the nature and extent of contamination detected in the various media that have
been sampled at the Site. Several media were analyzed for various constituents of potential concern
during the RI studies as summarized in Section 3.0. This section focuses on only those constituents

in each medium that exceed relevant regulatory standards and/or drive risks.

In order to determine the constituents that are of concern for the Site, the results of the BRA
presented in Appendix A (and summarized in Section 6.0) identifies preliminary contaminants of
concern and contaminants of ecological concern (preliminary COCs/COECs) that drive human
health and ecological risks in each of the media (Tables 6-27, 6-29 and 6-30). For surface water and
groundwater, additional preliminary COCs/COECs were added to the list of preliminary
COCs/COECs when concentrations of a constituent exceeded its promulgated federal (e.g., MCLs
in groundwater) and state chemical-specific standards/criteria. Because promulgated chemical-
specific standards for soil, sediment, and vegetation do not exist, this RI relies on comparison of
these data to background levels developed during the RI. No risk-based preliminary COECs for
livestock were identified in the LRA; preliminary COCs/COECs detived from compatison to

regulatory standards and comparison to background levels are assumed to be protective of livestock.
To summatize, the preliminary COCs/COECs discussed herein are selected because they:

1. Are associated with risk or hazard estimates that exceed acceptable human health and/or

ecological criteria — all media.
2. Exceed regulatory benchmarks — surface water and groundwater.

These preliminary COCs/COECs, then are refined by evaluating their Site-specific spatial and

temporal concentration trends.

For each medium, further refinement of the list of preliminary COCs/COECs is based on
evaluating the spatial and temporal trends (e.g., an anomalous one-time exceedance of regulatory
standards or at a single sample location may result in the constituent not being considered a
preliminary COC/COEC). In addition, certain exceedances may be typical of background
conditions as indicated by comparison against background levels or based on the distribution on and

near the Site (e.g., elevated concentrations occurring in primarily otherwise unimpacted locations).
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The media discussed in this section are in the following order: Upland Soil/Waste Rock (Section
4.1), Upland and Riparian Vegetation (Section 4.2), Riparian Soil and Sediment (Section 4.3), Surface
Water (Section 4.4), Groundwater (Section 4.5), and Biota (Section 4.6). In each of these sections,
historical data are presented in complete data tables referenced in the text and found in Appendix
B. These data are compared to A/T-approved background levels for solid media, and surface water

and groundwater criteria. The discussions are aided through the use of tables, figures, and drawings.

4.1 UPLAND SOIL/WASTE ROCK

The term “upland soil” is generally used and includes cover soil, native soil, waste rock, and haul
road materials present at the Site. The term is basically used for all loose geologic media present on
the surface of the Site. Samples of Site upland soil/waste rock were collected duting 2004, 2009,
and 2014 investigations, and the results for each of these investigations are discussed within this
section. These results have been summarized in various RI documents such as the Supplemental Soil
and V egetation Characterization Data Summary Technical Memorandum included in Appendix A2 of the
RI/FS Work Plan and the Radiological/ Backgronnd Report. 'The Radiological/ Backgronnd Report includes
detailed discussions of the re-calculation of upland soil background levels. The 2014 background
investigation was performed to fill in data gaps in the previous background data set (e.g., there was
no background data from the soil overlying Phosphoria Formation and notably the Meade Peak
Member). The updated soil background levels are used in this RI Report including the BRA.
Complete upland soil/waste rock results compared to the revised background levels are presented in
Appendix B, Tables B-1a and B-1b. Sample locations for co-located upland soil/waste rock and
vegetation are presented on Drawing 4-1 and upland vegetation is further discussed in Section 4.2.
Summaries of upland soil/waste rock concentrations are provided on Drawings 4-1 through 4-4 as

further discussed in the subsections below.

4.1.1 Preliminary Contaminants in Site Upland Soil/Waste Rock

To facilitate this discussion, this section focuses on upland soil/waste rock constituents that are
identified as preliminary COCs/COECs from direct and indirect exposure pathways detailed in the
BRA (see Section 6.0). Based on the BRA, arsenic, cadmium, chromium, copper, molybdenum,
nickel, selenium, radium-226, radon-222, thallium, vanadium, and zinc are identified as preliminary
COCs/COECs for upland soil/waste rock. The identified preliminary COCs/COZECs are further

compared to background values in the evaluations presented below.
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4.1.2 2004 Waste Rock Dump Mass Wasting Soil Investigation

A reconnaissance of mine waste rock dumps (MWD) at the Site was performed in June 2004 to
identify and map existing and potential mass-wasting areas along dump boundaries. One location
with potentially impacted off-dump soil, on and just off of MWID086, and one control area,
MWDO085, were selected for sampling. The control area at MWIDO085 was selected because the off-
dump portion is located uphill of the actual waste rock dump, thus allowing for little or no potential
for off-dump transport of soil/waste rock on to this area. Two parallel downward sloping, 150-foot
transects, 12.5 feet apart, were set up beginning on-dump and crossing the dump boundary onto
undisturbed (native) land surface for both MWDO085 and MWDO086. Thirteen (13) co-located soil (0
to 2 inches bgs) and vegetation samples were collected along each of the four transects (total of 52
samples) and were analyzed for selenium only. Transect locations and selenium sampling results are
presented on Drawing 4-1 for soil. The co-located vegetation selenium results are also shown on

Drawing 4-1 and are discussed in Section 4.2.1.

Figure 4-1 presents line plots of the soil results along each transect. The upland soil selenium
background level of 29.0 mg/kg is plotted on the graph. The highest selenium concentrations are
reported from samples collected on the waste rock dumps, and concentrations decrease rapidly with
distance along each transect. Selenium concentrations from soil/waste rock collected on the mine
dump along the MWDO085 transects (including the off-dump control area) range from 28 to 53
mg/kg and decrease to the detection limit (0.5 mg/kg) immediately off the waste rock dump. All of
the upland soil/waste rock selenium concentrations along the MWDO086 transects are below the
background level. Selenium concentrations on MWDO086 range from 0.9 to 14 mg/kg and range

from <0.5 to 0.8 mg/kg off the waste rock dump.
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FIGURE 4-1
MWDO085 AND MWDO086 TRANSECTS 1 AND 2 - SELENIUM IN UPLAND SOIL/WASTE
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4.1.3 2009 Upland Soil/Waste Rock Dump and Facility Characterization

In June 2009, a soil survey and surface soil sampling was conducted at the potential Site source areas
(five waste rock dumps/partially backfilled pits and one historic haul road) and a mine-specific
background area located adjacent to the mine area. The primary objective was to characterize the
nature and extent of constituents within the mine area boundaries. A total of 70 five-point
composite surface soil samples (10 from each source area and background area) were collected from
0 to 6 inches bgs and analyzed for a suite of 18 metals and metalloids. Complete data are provided

in Appendix B, Table B-1a and soil sample locations are shown on Drawing 4-1.

A summary of preliminary COC/COEC concentration ranges for each potential soutce area are
included in Table 4-1 and are compared to background levels. Arsenic, cadmium, selenium, and
thallium are presented on Drawing 4-2 and are further discussed below. These preliminary risk-
based COCs/COECs are selected from those listed in Table 4-1 based on the number of
exceedances above background levels and the fact that they are found in other downstream media
such as surface water and groundwater. Note that radium-226 data also is included on Drawing 4-2

and these data are further discussed in Section 4.1.4.
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Arsenic concentrations in upland soil/waste rock collected across the waste rock dumps and haul
road ranged from 4.0 to 45.5 mg/kg (Table 4-1). As shown on Drawing 4-2, all of the waste rock
dump areas and the haul road have samples that exceed the P4 Sites arsenic background level of 15.6
mg/kg (yellow and blue sample locations). Waste rock dump MWDO086 and portions of the haul
road that traverse across the dump have a greater percentage of soil sample locations that are below
the background level (green sample locations). Whereas, arsenic concentrations from all ten samples
collected from MWDO087 are above the background level. The highest arsenic concentrations from
soil samples collected across the source areas range from 32.1 mg/kg (MWDO087) to 45.5 mg/kg
(MHRO002 — haul road).

Unlike arsenic concentrations, a majority of the upland soil/waste rock samples have cadmium
concentrations below the background level of 41.0 mg/kg (Drawing 4-2). Cadmium concentrations
across the waste rock dumps and haul road range from 2.1 to 59.5 mg/kg as summarized on Table
4-1. An area within MWDO085 includes four samples that exceed the background level, but the
concentrations range from 42.2 to 46.6 mg/kg, which is slightly (approximately 10 petcent) above
the background level. Other exceedances of the background levels are in isolated locations within

each of the waste rock dumps.

The range of thallium concentrations in upland soil/waste rock are 0.171 to 2.31 mg/kg compared
to a background level of 1.1 mg/kg. Similar to arsenic and selenium, exceedances of the
background level occur on each of the waste rock dumps and along the haul road (Drawing 4-2).
However, as seen on Table 4-1, most of concentrations are within about two times the background

level.

Selenium concentrations from upland soil/waste rock samples collected across the waste rock
dumps and haul road range from <0.5 to 318 mg/kg. As shown on Drawing 4-2, exceedances of
the background level (29.0 mg/kg) occur on each of these areas and are similar in pattern of
exceedances to arsenic. However, large areas of MWD086, MWDO088, and MHRO002 (haul road)
have selenium levels that are below background. The highest selenium concentrations are reported
in samples collected from MWDO090. Eight of the 10 upland soil/waste rock samples collected from

MWDO090 have selenium concentrations above the background level and range from 31.0 to 318

mg/kg.
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4.1.4 2014 Upland Soil/Waste Rock Radiological Characterization

During development of the RI/FS Work Plan and Ballard Site BRA, it was determined that specific
radiological data was lacking for the P4 Sites and from background areas, and the Ballard BRA
(MWH, 2014b) had to rely on a number of assumptions to estimate radiological risk. Also, the
existing upland soil background dataset was not inclusive of all geologic formations represented at
the P4 Sites (i.e., lacked background data from the Phosphoria Formation). As a result, in 2014, an
investigation was conducted to collect radiological data (gamma and radon measurements) from the
P4 Sites and background areas. These data were used to directly calculate Site-specific upland soil
background levels and the Site radiological risks as described in Section 6.0. A summary of the
radiological field measurements from the Site are presented herein with the complete details

provided in the Radiological/ Background Report.

4.1.4.1 Gamma Survey

Across the waste rock dumps, partially backfilled pits, and haul road, a gamma survey was
performed along transects spaced at approximately every 200 feet and along the perimeter of the
source areas at the Site. The primary objective of the gamma surveys was to provide data, which
when combined with the results of the correlation studies, could be used to predict radium-226
concentrations in Site-wide upland soil/waste rock for use in radiological tisk assessment evaluations

for a hypothetical future human receptor.

Observed gamma count rates were used to estimate the lateral extent of waste rock dump
contamination and to identify areas of low, medium, and high gamma count rates for correlation and
radon flux measurements. A total of 124,686 individual gamma counts measurements were
collected across the Site as presented on Drawing 4-3 and range from 6,086 to 104,798 counts per
minute (cpm) with a mean, median, and standard deviation of 27,706 cpm, 27,500 cpm, and 13,005

cpm, respectively.

A correlation study and regression analysis was performed to develop a correlation between gamma
count rates and radium-226 in upland soil/waste rock using data collected from the three P4 Sites
and the background areas. Three of the 20 correlation samples were collected from the Henry Site
as shown on Drawing 4-3 and these data are provided in Appendix B, Table B-1b. The resulting
correlation from all the correlation sample locations collected from the three P4 Sites (10 samples
total) and two background areas (10 samples total) resulted in the following equation to convert

surveyed gamma count rates to predicted radium-226 concentrations.
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e Ra-226 (pCi/g) = 0.0006 x Gamma Count Rate (cpm) - 4.1
Using the developed correlation, predicted radium-226 concentrations at the Site range from 0.4 to
58.8 picoCuties per gram (pCi/g) with a mean, median, and standard deviation of 12.5, 12.4, and 7.8
pCi/g, respectively. These predicted radium-226 concentration (Drawing 4-2) are utilized in the

BRA presented in Appendix A and as summarized in Section 6.0.

As seen on Drawing 4-2, predicted radium-226 concentrations above the background level of 15.1
pCi/g primarily are confined to the waste rock dumps and backfilled pits with the exception of the
haul road extending throughout the mine (e.g., southeast of MWDO085). A majority of the predicted
radium-226 concentrations across the mine are between 15 and 25 pCi/g with the highest
concentrations (50 to 80 pCi/g) located across MWD090 and the haul road that continues to the

east of this dump.

4142 Radon Flux Survey

A radon (radon-222) flux survey was also conducted across the P4 Sites and in the two selected
background areas. A total of 15 random radon flux measurements were collected at the Henry Site
over an area of approximately 21 acres in size as shown on Drawing 4-4. The radon flux area
targeted at the Henry Site was representative of a “medium” range of gamma counts compared to
the Ballard Site (high range) and Enoch Valley Site (low range). The radon flux measurements at the
Henry Site range from 2.01 to 9.10 picoCuries per square meter second (pCi/m’-s). Radon fluxes at
the Henry Site (mean of 4.04 pCi/m*s) exceed those at Ballard Site (mean of 3.76 pCi/m’-s), even
though the gamma count rates at the former were lower. Radon flux rates likely are higher at Henry
Site because the brown shale material used to cover the waste rock (e.g., center waste shales) visually

appears to be more pulverized, thereby providing more surface area for radon emanation.

Using a standard equation described in the Background/ Radiological Report, the radon flux
measurements were converted to indoor air concentrations as reported in Table 4-2 and range from
1.98 to 13.33 picoCuries per liter (pCi/L). For compatison, background radon flux measurements
and calculated indoor air concentrations range from -0.4 to 8.62 pCi/m?*s and -0.58 to 12.7 pCi/L,
respectively. The Site and background radon concentrations are used in the BRA (Appendix A and
Section 6.0).
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4.2 VEGETATION

This section presents the nature and extent of preliminary COC/COECs in upland and tiparian
vegetation at the Site. Site upland vegetation was investigated in 2004 and 2009, and riparian
vegetation was investigated in 2004 as summarized below. Results for these investigations are
presented in detail in various RI documents such as the Supplemental Soil and V egetation Characterization
Data Summary Technical Memorandum included in Appendix A2 of the RI/FS Work Plan, and complete
results are presented in Appendix B, Tables B-2 and B-3. Station locations for both upland and
riparian vegetation are presented on Drawings 4-1 and 4-6. Summaries of preliminary
COC/COEC concentrations are provided on Drawings 4-1, 4-5, and 4-6 and ate further discussed

below.

4.2.1 Preliminary Contaminants in Site Vegetation

To facilitate the summation, this section focuses on constituents that are identified to be preliminary
COCs/COEC:s for indirect exposure pathways detailed in the BRA (see Section 6.0). Both
consumption of upland and riparian culturally significant (CS) plants as well as fruits and vegetables
grown in upland soil/waste rock and irrigated with groundwater are considered in the BRA;
consumption of upland and riparian plants is included in the chemical uptake for herbivorous and

omnivorous ecological receptors in the BRA.

Based on the BRA, arsenic, cadmium, molybdenum, radium-226 (modeled from uranium), selenium,
and thallium are further discussed below as preliminary COCs/COECs for upland vegetation.
Selenium is the only preliminary COC/COEC measured in CS rparian vegetation that is associated
with unacceptable risk. It is further discussed below in Section 4.2.6 for riparian vegetation.
Vanadium is a preliminary COC for CS riparian vegetation based on modeled concentrations in
riparian soil. As it was not measured in riparian vegetation, it is discussed in Section 4.3 for riparian

soil.

The identified preliminary COCs/COZECs are further compared to background levels as presented
in the Ballard FS Memo #1.

4.2.2 2004 Waste Rock Dump Mass Wasting Vegetation Investigation
Fifty-two (52) co-located soil and vegetation samples were collected along each of the two transects
on waste rock dump MWDO085 and two transects on waste rock dump MWDO086 (described in more

detail in Section 4.1.2). These vegetation samples were analyzed for the selenium only and were
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reported as dry weight. Transect locations and selenium sampling results are shown on Drawing 4-
1 for soil and vegetation. Figure 4-2 presents line plots of the vegetation results along each transect.

The upland vegetation selenium background level of 3.4 mg/kg is plotted on the graph.

All upland vegetation concentrations are below the background values. The highest selenium
concentrations were collected on the waste rock dumps and concentrations decrease rapidly to
below the detection limit (0.50 mg/kg) with distance along the transect (off-dump). Only three of
the 26 total vegetation samples along MWIDO085 transects have detectable selenium concentrations
(0.7 to 1.9 mg/kg). Only one of 26 samples contained selenium (0.9 mg/kg) above the detection
limit along the MWDO086 transects.

FIGURE 4-2
MWD085 AND MWD086 TRANSECTS 1 AND 2 - SELENIUM IN VEGETATION
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4.2.3 2009 Upland Vegetation Waste Rock Dump and Haul Road Characterization
In June 2009, a vegetation survey and sampling program were conducted on the five waste rock
dumps and historic haul road. In addition, a mine-specific background area, located adjacent to the
mine footprint, was sampled. The survey and sampling results are reported in Supplemental Soil and
Vegetation Characterization Data Summary Technical Memorandum included in Appendix A2 of the RI/FS
Work Plan. A summary of the survey is provided in Section 2.5.2, and results of the sampling

activities are summarized in this section.
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Vegetation sampling was conducted following the vegetation survey discussed above. Drawing 4-1
shows the identified sample locations while Drawing 4-5 presents ranges of several preliminary

COC/COEC concentrations. A total of 170 vegetation samples wete collected from the Site.

The majority of the vegetation samples were composites of grasses and forbs collected from five
random one-foot by one-foot grid points within each 50-foot by 50-foot quadrat. Samples of
vegetation separated by life form (grasses, forbs, and shrubs), and where available, plants classified

as culturally significant, were also collected at some locations.

Table 4-3 presents the preliminary COC/COEC concentrations for the vatious species of grasses

and forbs sampled compared to background levels and complete data are included in Appendix B,

Table B-2.

Arsenic concentrations in upland vegetation collected across the waste rock dumps and haul road
range from <0.0697 to 1.53 mg/kg, as summarized in Table 4-3. The maximum arsenic
concentrations in individual Site source area upland vegetation range from 0.248 mg/kg on waste

rock dump MWDO085 to 1.53 mg/kg along the haul road MHR002. No background level was

calculated for arsenic.

Similar to upland soil/waste rock (Drawing 4-2), the majority of the upland vegetation samples
across the source areas have cadmium concentrations below the background level of 1.7 mg/kg
(Drawing 4-5) and range from 0.254 to 5.29 mg/kg (Table 4-3). Exceedances of the upland
vegetation cadmium background level are observed in isolated samples within each of the waste rock
dumps except for MWDO086, which reports a maximum cadmium concentration (1.66 mg/kg),
which is below the background level. The highest cadmium concentrations from upland vegetation

samples collected across the other five waste rock dumps and haul road ranges from 2.61 mg/kg

(MWDO090) to 5.29 mg/kg (MWDO087).

Molybdenum concentrations in upland vegetation across the Site ranges from <1.46 to 125 mg/kg
compated to a background level of 5.78 mg/kg (Table 4-3). Waste rock dump MWDO087 has the
most exceedances of the background level (yellow and blue sample locations on Drawing 4-5) with
all but two of the upland vegetation samples exceeding the background level with a maximum
molybdenum concentration of 125 mg/kg. The maximum molybdenum concentrations across the

other source areas range from 13.3 (MWDO086) to 58.4 mg/kg (MWDO085).
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Selenium concentrations in upland vegetation samples range from 0.451 to 146 mg/kg (Table 4-3).
As shown on Drawing 4-5, vegetation samples collected from each of the waste rock source areas
exceed the selenium background level of 3.41 mg/kg. However, large areas of waste rock dumps
MWD086, MWDO087, and MWDO088 report selenium concentrations in upland vegetation that are
below the background level (green sample locations). Only one vegetation sample location within
MWDO087 exceeds the selenium background level (blue sample location). However, that selenium
concentration is the highest reported across the mine at a selenium concentration of 146 mg/kg.
Waste rock dump MWDO090 has the most upland vegetation sample exceedances above the

background level with selenium concentrations that range from 1.15 to 139 mg/kg.

Thallium concentrations in upland vegetation exceed the background level of 0.016 mg/kg in a
majority of the samples (as shown on Drawing 4-5, yellow and blue sample locations). The range
of thallium concentrations in upland vegetation samples collected from the waste rock dumps and
haul road are <0.1 to 0.713 mg/kg while the range of maximum thallium concentrations for the

individual source ateas are 0.235 mg/kg (MWDO086) to 0.713 mg/kg (MWDO087).

Uranium is not depicted on Drawing 4-5, but it is a used as an indicator for radium-220 risks in
upland vegetation that are modeled from upland soil/waste rock as discussed in Section 6.0.
Uranium concentrations range from <0.0924 to 1.27 mg/kg in the data set compared to a
background level of 0.162 mg/kg (Table 4-3). Uranium concentrations are below the uranium
detection limit in the upland vegetation samples collected from waste rock dumps MWDO085,
MWDO086, and MWD090. Vegetation samples collected from along the haul road MHR002 (0.173
mg/kg) have the maximum detection of uranium. Uranium (0.207 mg/kg) detected in vegetation at
MWDO087 is 25 percent above the background level. As shown in Appendix B, Table B-2, these
are isolated exceedances. The maximum uranium concentration of 1.27 mg/kg is from a sample
collected on MWDO088, and this is the only detected uranium concentration from ten upland

vegetation samples collected from this waste rock dump.

4.2.4 2004 and 2009 Upland Vegetation - Seasonal Investigation
Beyond the concentration of constituents in the vegetation, the 2004 and 2009 sampling programs
also addressed the potential of seasonal variations in constituents and their concentrations

throughout the Site. Data are provided in Appendix B, Table B-2.
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A combination of new and old growth of grasses and alfalfa were sampled monthly for six months
in 2004 (May to October 2004) from one waste rock dump location (MWDO086) and analyzed for

selenium.

The location is shown on Drawing 4-1. The vegetation samples exhibit some monthly selenium
concentration variability with an apparent decreasing trend late in the summer and into fall as shown
on Figure 4-3.

FIGURE 4-3
2004 MWDO086 SEASONAL VEGETATION CONCENTRATIONS
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The 2009 seasonal investigation focused on collection of forbs from thirteen (13) locations in the
spring event (June). A subset of stations sampled in the spring was re-sampled for forbs in the fall
(late August). Therefore, sample collection targeted the periods of elevated and low selenium
concentrations as indicated by the 2004 seasonal study (Figure 4-3). The 13 forb samples were
collected from the five waste rock dumps (eight samples) and haul road (two samples). In addition,

a Site background area was sampled (three samples).

Two preliminary COCs/COECs (selenium and molybdenum) are focused on here because they
report the highest concentrations compared to their background levels. This data set exhibits a very
wide range of selenium and molybdenum concentrations in the spring and fall as shown on Figure
4-4 and Table 4-4. Of the 13 forb samples, six forb samples are higher for selenium and seven
samples are higher for molybdenum in the spring. Overall, the results of the 2009 seasonal
vegetation investigation did not demonstrate a pattern of differences in vegetation concentrations

between the spring and fall sampling rounds.
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FIGURE 4-4
2009 SEASONAL FORB INVESTIGATION CONCENTRATIONS
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4.2.5 2009 Culturally Significant Upland Vegetation Investigation

Opportunistic samples of CS plants were collected from the potential source areas and background
locations where CS plants were identified. Five samples were collected from waste rock dumps
(aspen or sagebrush) and two samples from the background area (juniper). Selenium and radium-
226 (uranium) are the only preliminary COCs identified based on human health risks for CS
vegetation. Table 4-5 presents selenium and uranium concentrations as radium-226 was not directly

measured in the vegetation samples.

As shown in the Table 4-5, concentrations of selenium and uranium in CS vegetation collected on
the waste rock dumps ate low and range between 0.504 and 5.26 mg/kg for selenium and <0.0978
and <0.0986 mg/kg for uranium. For reference, the P4 Sites selenium and uranium background
levels are 3.41 mg/kg and 0.162 mg/kg, respectively. The maximum selenium concentration of 5.26
mg/kg came from a leaf sample collected from an aspen tree, while the remaining CS samples report
selenium concentrations between 0.504 and 1.78 mg/kg, which is well below the background level.
The two CS vegetation samples collected in the background area have selenium concentrations of

0.18 and 0.19 mg/kg and non-detect at the method detection limit (MDL) for uranium.
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4.2.6 Riparian Vegetation Characterization

In September 2004, a riparian habitat assessment included evaluation of soil, vegetation, and species
assemblages (see Section 4.6.1 for additional discussion). These assessments were conducted at the
riparian areas of ponds (MSP), seeps (MDS), springs (MSG), and streams (MST) throughout the
Site. Riparian soil and vegetation samples were collected at 28 locations (Drawing 4-6) for
laboratory analysis of cadmium, copper, molybdenum, selenium, and zinc. These data are provided
in Appendix B, Table B-3. The co-located riparian soil results are discussed in Section 4.3.
Individual riparian vegetation samples represent composite samples across multiple species and plant
types collected in the riparian corridor, and thus it is not possible to segregate riparian vegetation
results by plant species. For the purpose of the risk estimates as discussed in Appendix A, it was
assumed that all measured riparian vegetation concentrations were collected from culturally
significant vegetation species. The preliminary COCs for CS riparian vegetation are selenium
(measured vegetation concentrations) and vanadium (modeled vegetation concentrations based on
riparian soil concentrations). As vanadium was not measured in riparian vegetation, only selenium is
presented on Drawing 4-6 and further discussed below. Vanadium is discussed in Section 4.3 as a

preliminary COC/COEC for riparian soil.

4.2.6.1 Ponds

Riparian vegetation samples were collected from each of the four Site ponds. Selenium
concentrations in ripatian vegetation samples collected adjacent to the ponds range from 3.3 mg/kg
at MSP014 to 65.0 mg/kg at MSP055 compared to a background level of 0.80 mg/kg. As discussed
in Sections 4.3 and 4.4, the ponds also have elevated concentrations of several preliminary

COCs/COECs in ripatian soil, sediment and surface water samples.

4.2.6.2 Seeps and Springs

Selenium concentrations in riparian vegetation collected from two of the three sampled seep or
spring locations (MDS022 and MSGO002) are <0.5 mg/kg. The selenium concentration in a riparian
vegetation sample collected from seep MDS016 is 0.70 mg/kg, which is below the background level
of 0.80 mg/kg. Both MDS016 and MDS022 report elevated selenium concentrations in tipatian soil
and sediment samples collected at these locations, but do not always have exceedances of selenium

in surface water (see Sections 4.3 and 4.4).
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4.2.6.3  Streams

With the exception of a stream location along the Little Blackfoot River (MST044), the remaining 20
stream stations reported non-detectable concentrations of selenium (<0.5 mg/kg). The selenium
concentration in the ripatian vegetation sample collected at MST044 is 7.9 mg/kg, which is an order
of magnitude greater than the background level. As further discussed in Sections 4.3 and 4.4, the
MST044 location, which is located downstream of waste rock dump MWDO8S, also has elevated
concentrations of selenium in riparian soil and surface water. However, the location is also very

near or on the trace of the ore-bearing Meade Peak Member.

4.3 RIPARIAN SOIL AND SEDIMENT

This section presents the nature and extent of preliminary COCs/COECs detected in ripatian soil
and sediment at the Site. The evaluation of nature and extent for these two media are combined in
this RI as they were in the Ballard FS Memo #1 and #2 (MWH, 2016a and 20106b), because riparian
soil and sediment at the Site are adjacent and contiguous, and remedial alternatives proposed for
these media in the future FS likely will be similar. Data for characterization of riparian soil and
sediment at the Site were collected at 28 stations during the 2004 investigation and five stations
(three ponds and 2 streams) in 2010. Drawings 4-7 and 4-8 show the locations where the riparian
soil and sediment samples discussed in this section were collected. Drawing 4-7 shows the

northern portion of the Site while Drawing 4-8 shows the southern sampling locations.

Riparian Soil - In fall 2004, riparian soil and vegetation samples were collected from 28 stations and
analyzed for eight constituents (cadmium, chromium, copper, molybdenum, nickel, selenium,
vanadium, and zinc). The 2004 riparian soil samples were discrete samples collected from 0 to 2
inches bgs. Riparian vegetation samples also were collected along with the riparian soil samples and

those results are discussed in Section 4.2.

In order to fulfill a data gap identified by the A/Ts, additional ripatian soil, sediment, and surface
water samples were collected from pond and stream sampling stations for an expanded list of
constituents during a fall 2010 investigation at the Site. The expanded suite of constituents included
18 metals and metalloids that were the same as the 2009 upland soil/waste rock investigation. The
2010 riparian soil samples were three-point composite samples collected from 0 to 6 inches bgs
along each bank at three locations (MST053 and MST275A and MST275B) for a total of six riparian

soil samples.
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Sediment - Sediment samples were collected at 22 stations in fall 2004 for laboratory analysis of the
same eight constituents run on the riparian soil samples. These samples were discrete and were
collected from 0 to 2 inches bgs. Similar to riparian soil, the 2010 sediment investigation expanded
the suite of constituents as discussed above. The 2010 sediment samples were three-point
composite samples collected from 0 to 6 inches bgs from across the streambed at two locations
(MST053 and MST275) and another four to five samples collected from each of the sampled Site
ponds (MSP014, MSP015, and MSP016) depending on the size of the pond.

The results for the 2004 and 2010 monitoring events are presented in various RI documents such as
the 2070/2012 DSR and complete results are reported in Appendix B, Tables B-4 and B-5.

Station locations and their preliminary COC/COEC concentrations are depicted on Drawings 4-7
and 4-8 for the northern and southern areas of the Site, respectively. On these drawings and within
the section text, the identified preliminary COCs/COECs also are compared to background levels to

further screen results.

4.3.1 Preliminary Contaminants in Riparian Soil and Sediment
Based on the 2004 and 2010 results evaluated in the BRA, preliminary COCs/COECs for direct and
indirect pathways identified for either riparian soil or sediment are:
e Arsenic, cadmium, chromium, copper, molybdenum, nickel, radium-226 (modeled from
uranium), selenium, vanadium, and zinc.
Radium-226 was not directly measured/analyzed in riparian soil or sediment, howevert, total uranium

concentrations are shown on Drawings 4-7 and 4-8.

The following discussions of the preliminary COCs/COECs in ripatian soil and sediment at the Site

is organized by location type listed below:

e Ponds — Section 4.3.2

e Sceps/springs — Section 4.3.3

e Streams — Section 4.3.4
4.3.2 Pond — Riparian Soil/Sediment Results
Riparian soil samples were collected from areas adjacent to the four Site ponds (MSP014, MSP015,
MSPO016, and MSP055) in 2004, and the sample nomenclature follows the pond designation. The
soil samples collected near MSP016, MSP015, and MSP014, from north to south, are located on
waste rock dump MWDO086. Note that the MSP016 and MSPO015 riparian soil sample results are
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depicted on Drawing 4-7 and MSP014 result is shown on Drawing 4-8. MSP055 is located in the
bottom of mine pit MMP044 (Drawing 4-8).

As shown on Drawings 4-7 and 4-8, and in Table 4-6, selenium concentrations collected from
tipatian soil adjacent to the ponds range from 11.5 to 45 mg/kg, which is above the selenium
background level of 2.03 mg/kg. The highest selenium concentration in riparian soil was collected
from MSP016. All of the sampled preliminary COCs/COECs (arsenic and uranium wete not
collected in 2004) are elevated above background levels in samples collected adjacent to the ponds.
Generally, the highest preliminary COC/COEC riparian soil concentrations are found in the
samples collected near MSP055 and MSP016 and the lowest riparian soil concentrations are at

MSP014 and MSP015 sample locations.

Sediment samples were collected from all four ponds in 2004 and again for a longer list of
constituents from three ponds (MSP014, MSP015, and MSP016) in 2010. As shown on Drawings
4-7 and 4-8 and listed in Table 4-6, sclenium concentrations collected from pond bottom sediment
samples range from 43.4 mg/kg in MSP015 to 148 mg/kg in MSP055. These levels are above the
selenium background level of 1.48 mg/kg. Other preliminary COCs/COEC:s are elevated above
background levels in pond samples. Similar to riparian soil, the highest preliminary COC/COEC

concentrations are found in sediment samples collected from MSP055.

4.3.3 Springs and Seeps — Riparian Soil/Sediment Results

Riparian soil samples were collected adjacent to two dump seeps (MDS016 and MDS022) and one
spring (MSG002) in 2004, which are on or downgradient of waste rock dump MWDO090 in the
southern portion of the Site (Drawing 4-8). Selenium concentrations are above the background
level of 2.03 mg/kg for MDS016 and MDS022 and are 7.8 and 6.9 mg/kg, respectively (Table 4-7).
Similar to ponds, these two dump seeps have riparian soil concentrations that are elevated above

background levels for several other preliminary COCs/COECs.

However, spring MSG002, located further away from waste rock dump MWIDO090, reports riparian
soil concentrations below background levels for all preliminary COCs/COECs including selenium.
No sediment samples were collected at this location. As further discussed in Section 4.3.4 Streams,

MSGO002 is located adjacent to MST063, which has elevated riparian soil preliminary COC/COEC

concentrations, but not elevated sediment concentrations.
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Sediment samples collected from the seeps have elevated selenium levels with a maximum selenium
concentration of 9.70 mg/kg at MDS016 and 1.90 mg/kg at MDS022. The sediment background
level for selenium is 1.48 mg/kg. MDS016 also reports elevated sediment concentrations of several
preliminary COCs/COECs. Other than selenium and nickel, all of the other preliminary
COC/COEC sediment concentrations collected from MDS022 are below background levels.

Sediment was not collected at MSGO002.

4.3.4 Streams — Riparian Soil/Sediment Results

Riparian soil and sediment samples were collected along three streams Lone Pine Creek, Little
Blackfoot River, and Long Valley Creek as described herein and in Section 2.3 (Drawings 2-1, 4-7,
and 4-8. Associated surface water quality is discussed in Section 4.4. The nature and extent of

riparian soil and sediment contamination is discussed for each of these segments.

4341 Lone Pine Creek

For the purpose of discussion, Lone Pine Creek is further divided into three segments (Strip Mine
Creek, west fork of Lone Pine Creek, and downstream Lone Pine Creek shown on Drawing 4-8).
Strip Mine Creek originates below the north end of waste rock dump MWDO090 near the P4 haul
road, and the west fork and other tributaries of Lone Pine Creek originate near the south end of
MWDO090. Strip Mine Creek joins Lone Pine Creek approximately one mile downstream of the Site

(Drawing 4-7).

Along Strip Mine Creek, the riparian soil selenium concentration at the upstream location, MST063
(4.30 mg/kg), is approximately twice the background level of 2.03 mg/kg. This station also has
elevated concentrations of several preliminary COCs/COECs including chromium, coppet,
molybdenum, nickel, and zinc. However, approximately half a mile downstream at MST062, all
sampled preliminary COC/COEC concentrations including selenium have decreased below
background concentrations as shown on Drawing 4-8 and Figure 4-5. All preliminary
COC/COEC sediment concentrations, including selenium, are below background levels in both the

upstream (MST063) and downstream (MST062) Strip Mine Creek stations.

Along the west fork of Lone Pine Creek, both MST064 and MST276, on separate upstream
branches, have riparian soil selenium concentrations (1.70 mg/kg at MST064 and 1.50 mg/kg at
MST?276) below the background level (Drawing 4-8 and Figure 4-5). However, several preliminary

COCs/COECs concentrations (cadmium, chromium, molybdenum, nickel, and zinc) are elevated
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above their respective riparian soil background levels. Further downstream at MSTO057, riparian soil
selenium concentration increase to 3.10 mg/kg (Drawing 4-8 and Figure 4-5), which is above the
background level. In addition, the cadmium concentration at MST057 (5.72 mg/kg) is slightly
elevated (less than 15 percent) above the background level (5.03 mg/kg). All other preliminary
COC/COEC concentrations in the ripatian soil sample collected from MST057 are below

background levels.

Further downstream (Drawing 4-7), concentrations of all preliminary COCs/COEC:s in the riparian
soil sample collected at MST050, located just upstream of the confluence between the Strip Mine
Creek and Lone Pine Creek, are below background levels. This trend of decreasing constituent
concentrations continues downstream with no exceedances above background levels reported in
riparian soil samples collected from MST055 and MST054, located on the main stem of Lone Pine
Creek.

FIGURE 4-5

MAXIMUM SELENIUM CONCENTRATIONS IN RIPARIAN SOIL AND SEDIMENT ON LONE
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As shown on Drawing 4-8 and Figure 4-5, selenium concentrations in sediment samples collected
along the west fork of Lone Pine Creek are below the background level of 1.48 mg/kg at MST064
(0.80 mg/kg), but above the background level at MST276 (2.00 mg/kg). Several other preliminary
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COCs/COECs exceeded background levels at the stations including cadmium, chromium, and
vanadium. Similar to riparian soil, the selenium concentration in the sediment sample collected at
downstream station MSTO057 increases to 4.40 mg/kg, and the cadmium concentration (4.48 mg/kg)
is slightly above its background level of 4.17 mg/kg. Concentrations of all sediment preliminary
COCs/COECs at downstream stations MST056, MST055 and MST054, are below background
levels with the exception of a selenium concentration of 2.00 mg/kg at MST054 (Drawing 4-7 and
Figure 4-5).

Other Stations

Three sampling stations are located further east on tributaries of Lone Pine Creek. These stations,
MSTO058, MST226 and MST275, were assigned as Site surface water stations, because they are
located on tributaries of the Lone Pine Creek drainage, for which, the Henry Site is the dominant
feature in the watershed (Drawing 4-8). Stations MST226 and MST275 initially were proposed as
background stations as they are not downstream of any Site features. However, it was established
that the drainage containing MST226 has waste rock in the extreme upper end and possible seep
input from the adjacent Wooley Valley Mine. Station MST275 is well away from the Site and does
not have any apparent mine facilities in the watershed (being located approximately midway between
the Wooley Valley and Enoch Valley Mines). However, concentrations observed at this location
were determined to be uncharacteristic of background, and therefore, the location was dropped
from the background dataset at the suggestion of the A/Ts. Station MST058 is downstream and in
the same drainage as MST226. Because these stations were identified as being associated with the
Site and not background locations, they were included in the risk calculations for the Site (see

Section 6.0).

None of these stations reported selenium concentrations in riparian soil samples above background
levels. Both MST226 and MST058 have riparian soil preliminary COC/COEC concentrations that
are above background levels. Riparian soil samples collected near MST275 have no preliminary

COC/COEC concentrations above background levels.

Sediment samples were collected from two of these stations (MST058 and MST275). Only MST058
has a selenium concentration in sediment (2.00 mg/kg) above its background level (1.48 mg/kg).
No other preliminary COC/COEC concentrations in sediment are above background levels at
MSTO058. At MST275, both copper and nickel concentrations in sediment samples were reported

above their background levels.
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4.3.4.2 Little Blackfoot River

Seven monitoring stations on the Little Blackfoot River (MST043, MST044, MST045, MST0406,
MST047, MST053, and MST234) were sampled for riparian soil and sediment. A riparian sample
was also collected from MST052, which is located between waste rock dump MWDO088 and station
MSTO044. As depicted on Drawing 4-7, only MST044 and MST052 have preliminary COC/COEC
concentrations in riparian soil greater than background levels. Concentrations of all sampled
preliminary COCs/COZECs in the ripatian soil sample collected from MST052 are above
background levels. At MST044, selenium was detected at 5.30 mg/kg compared to a background
level of 2.03 mg/kg (Figure 4-6), and chromium and molybdenum also exceeded background.

Only one preliminary COC/COEC exceeds its background level in the seven stations (locations)
where sediment samples were collected and analyzed along the Little Blackfoot River. A sediment
sample collected from MST043 has a selenium concentration of 1.7 mg/kg, slightly above its

background level of 1.48 mg/kg (shown on Drawing 4-7 and Figure 4-6).

FIGURE 4-6

MAXIMUM SELENIUM CONCENTRATIONS IN RIPARIAN SOIL AND SEDIMENT ON THE
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4.3.4.3 Long Valley Creek
There are two stations associated with Long Valley Creek. Sampling station MST051 is located on a
tributary to Long Valley Creek below waste rock dump MWDO087 (Drawing 4-8), and MST271 is

located on Long Valley Creek just downstream of the confluence with the tributary (Drawing 4-7).
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Sampling station MSTO051 often is dry as further discussed in Section 4.4. A riparian soil sample
collected from MST051 in 2004 indicates all preliminary COC/COECs concentrations are below
background levels with the exception of molybdenum, which is present at a concentration of 1.76
mg/kg compated to a background level of 0.653 mg/kg. The riparian soil sample collected further
downstream at MST271 has no concentrations of preliminary COCs/COECs above background

levels. Sediment samples were not collected at either of these stations.

44  SURFACE WATER

This section presents the nature and extent of preliminary COCs/COECs in sutface water bodies
(ponds, dump seeps/springs, and streams) throughout the Site. Extensive surface water monitoring
has occurred at 30 sampling stations on and near the Site since 2004 as discussed below. The data
presented herein were obtained from spring and fall sampling events (i.e., during runoff and
baseflow conditions, respectively) beginning with EE/CA data collection in 2004 and has continued
through RI/FS sampling in 2014. Not all of the surface water stations included in this discussion
were sampled during every event or for every constituent. This was because at several points during
the investigation, data quality objectives (DQOs) and sampling plans were adjusted with A/ T
approval based on prior results, A/T concerns, and/or other considerations. The complete results
for the surface water monitoring events are presented in Appendix B, Tables B-6a and B-6b.
Station locations along with statistical summaties of the preliminary COCs/COECs are presented
on Drawings 4-9 and 4-10. Dissolved concentrations for the metals/metalloids are provided on
these drawings and are discussed in this section as they are most relevant to the screening level

criteria, with the exception of selenium (screening level based on the total fraction).

Per the approach discussed in Section 4.0 and similar to groundwater in the following section, only
those sutface water constituents that are identified as preliminary COCs/COECs are discussed
herein. The sutrface water preliminary COCs/COECs designation is based on the following
CERCLA criteria (USEPA, 1991).

e The constituent exceeds its respective chemical-specific screening criteria (i.e., aquatic life

criteria IDAPA 58.01.02 — Idaho Water Quality Standards or USEPA National
Recommended Water Quality Criteria), or

e The constituent contributes to unacceptable human health or ecological-risk based on results
of the HHERA (see Section 6.0).
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Selenium is the most common contaminant detected above its individual surface water screening
critetion. The Federal aquatic life standard (acute and chronic) for surface water is 0.0031 mg/L
total selenium. In addition, selenium is known to be directly associated with the Site sources (i.e.,
waste rock) as discussed in Section 2.10. The nature and extent discussion in this section, therefore,

primarily focuses on this preliminary COEC.

4.4.1 Preliminary Contaminants of Concern and Contaminants of Ecological
Concern in Site Surface Water

In addition to selenium, the following constituents also are identified as preliminary COCs/COECs

as the result of screening criteria exceedances and risks:

e Aluminum
e Arsenic

e (Cadmium
e Chromium
e JIron

e Manganese

e Nickel
e Thallium
e inc

However, these constituents in Site surface waters rarely exceed their individual screening criterion
and often only exceed the surface water criteria in one or two locations. Therefore, they are much
less important than selenium in the overall nature and extent contaminant discussion for Site surface
waters. However, they are presented and discussed in those locations where they exceed applicable

screening criteria.

As an example, nickel and zinc are only discussed in association with one pond location - MSP055.
This location is the only place where nickel and zinc occur in concentrations of potential concern
(e.g., exceed screening criteria). Thallium is associated with one isolated exceedance of the dissolved
thallium criterion at MST275 and one exceedance of the total thallium criterion at MST276, as

discussed in Section 4.4.4.1.

Total chromium is another identified preliminary COEC based on screening criteria. Total

chromium exceeds, by less than twice, the State of Idaho hexavalent chromium chronic aquatic life
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standard (0.011 mg/L), but not the trivalent chromium chronic standard (0.074 mg/L) in one
sample from one pond sample location (MSP055 [0.0151 mg/L,, total]). Because counting total
chromium as all hexavalent chromium is overly conservative at the Site, and there is only one
sporadic or anomalous result that slightly exceeds the hexavalent chromium screening criterion,
chromium is not discussed further. Please note that a previous chromium speciation study for solid
media at the P4 Sites, including pond and stream sediment, found that hexavalent chromium was
not detected in any of the sediments including pond location MSP055, which has elevated

concentrations of many other constituents (MWH, 2005).

Aluminum, iron, and manganese screening criteria also are periodically exceeded, most commonly in
areas with higher turbidity or that have a strong groundwater influence. It has been established
through previous investigation that the occurrence of these constituents above screening criteria is
an area-wide background condition commonly found in the SE Idaho Phosphate Mining District.
Furthermore, when both total and dissolved concentrations have been reported, often the elevated
concentrations are not present in the dissolved fraction. Therefore, the nature and extent discussion

does not address these constituents.

BRA Results. In addition to constituents exceeding screening criteria, the BRA presented in
Section 6.0 also identifies preliminary COCs/COECs, but from a risk perspective. Besides
selenium, which is found throughout the Site surface water, the BRA identifies aluminum, arsenic,
barium, boron, cadmium, manganese, nickel, uranium, vanadium, and zinc as preliminary
COCs/COECs in the surface water at the Site. Aluminum and manganese are not discussed for the
reasons stated in the paragraph above, and nickel and zinc are identified based on elevated
concentrations of these metals at only one surface water location — pond MSP055. Therefore, nickel
and zinc are only discussed in the following section regarding ponds and in association with

MSPO055.

Batium, boron, uranium and vanadium are identified as preliminary COC/COECs for fish and
amphibians based on conservative Tier I risk assumptions in the BRA. Barium concentrations were
below its background concentration at all surface water locations and boron exceeded its
background concentration at only one station — stream station MST275. This station has elevated
concentrations of other preliminary COCs/COECs. However, as further discussed in Section

4.4.5.1, it appears that this location is not directly associated with the Site.

Remedial Investigation Report for the Henry Mine Page 4-24
October 2017



Uranium concentrations that occurred above its ecological risk screening criterion were reported
occasionally from on-Site pond and seep locations. The maximum uranium concentration that
drove the Tier I risk as reported in Table 6-16 was reported at station MST064 during one sampling

event in Spring 2006.

Vanadium concentrations were above its ecological risk screening criterion at four locations
including pond MSP055. The other three locations (MST044, MST234, and MST280) reported
anonymously higher concentrations during one sampling event in Spring 2008 that are not
supported by other results. For example vanadium concentrations at MST044 from 15 sampling
events ranged from non-detect (<0.005 to 0.0083 mg/L) except for a concentration of 0.089 mg/L

in Spring 2008.

Exceedances by boron, uranium, and vanadium of both background and ecological benchmarks are
documented and included as preliminary COECs in Table 7-3, however, due to the isolated nature
of exceedances of ecological screening criteria and the fact that there are not promulgated standards

or ARARs for these analytes, they are not discussed further in this section.

In summary, arsenic, cadmium, and selenium are identified as the key preliminary COCs/COECs
based on their exceedances of screening levels and risk criteria at more than a single location.
Therefore, these contaminants are discussed throughout this section, and where necessary (at
individual locations), other preliminary COCs/COECs also are discussed. It should be noted that
arsenic and cadmium primarily occur in one location (MSP055 - where nickel and zinc also are
elevated). With this location excluded only selenium and cadmium would be risk-based preliminary
COECs. Summary statistics by location for the preliminary COCs/COECs are shown on
Drawings 4-9 and 4-10.

The following discussions of the preliminary COCs/COECs in sutface water collected at the Site is

organized by location type listed below:

e Ponds (MSP) — Section 4.4.2
o Seeps/springs (MDS/MSG) — Section 4.4.3
e Streams (MST) — Section 4.4.4
4.4.2 Ponds — Water Sampling Results
On June 14 and 15, 2004, representatives from IDEQ, supported by the USEPA, USFS, BLM,

USFWS, and accompanied by P4 (and their consultant), conducted functional use inspections (FUIs)
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of the non-regulated surface water features at the Henry Site as well as P4’s Ballard and Enoch
Valley Sites IDEQ, 2004b). The purpose of the FUIs was to assign the appropriate risk
management action levels to non-regulated surface water features (i.e., facility ponds) based on a
reasonable assessment of the existing and potential future uses of the features. The FUIs evaluated
the function, habitat, and uses of the ponds. In accordance with IDEQ’s Area Wide Risk Management
Plan IDEQ), 2004a), three selenium action level tiers were established for non-regulated surface
waters:

e Tier 1 was the most restrictive selenium action level in place at the time of the survey - 0.005
mg/L based on USFWS/Department of Interior guidance for the protection of nesting and
breeding waterfowl, amphibians, and other sensitive riparian species. Tier 1 was assigned to
surface water features that appeared to provide adequate open water, emergent vegetation,

protective cover, and food sources to support a local resident migratory bird population
during typical nesting/breeding seasons.

e The Tier 2 selenium action level was set at 0.05 mg/L based on veterinary guidance for the
protection of domestic livestock. This action level was assigned to surface water features
within grazing allotments, those exhibiting evidence of livestock use, or ponds with a
reasonable potential for future use as drinking water for livestock.

e The final selenium action level, Tier 3, was set at 0.201 mg/L based on IDEQ’s risk
management action level calculations for use as an occasional drinking water source by
transitory terrestrial wildlife as opposed to the more restrictive uses assigned under Tier 2.

Results of the FUIs are summarized in Table 4-8.

The selenium concentrations and statistics are compared to the action levels as depicted on
Drawings 4-9 and 4-10. FUI actions levels wete not assigned for other preliminary COCs/COECs,
so surface water criteria are used on the drawings. However, these criteria are regulatory standards
that are not applicable to the ponds. Complete RI analytical data for pond water samples are
provided in Appendix B, Table B-6a. In addition, Table 4-9 provides data specific to the
preliminary COC/COEC results for the pond water samples.

The selenium concentrations from all sampling events in both Tier 1 ponds exceeds the action level
(0.005 mg/L) and ranges between 0.0053 in MSP014 to 0.41 mg/L in MSP016 (Figure 4-7). The
fall concentrations in both ponds are significantly lower than those reported in the spring and are
near the action level. This “higher concentration in the spring” trend also is observed in pond water
samples collected from the Tier 2 pond MSP015 with spring exceedances of the selenium action
level (0.05 mg/L), contrasted to the single measured fall selenium concentration of 0.0225 mg/L,

which is below the action level. The selenium concentrations in MSP055, located in South Henry
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Pit, exceed the Tier 3 selenium action level (0.201 mg/L) in the spring and ranges from 0.34 mg/L
to 0.97 mg/L. This pond typically is dry in the fall (note the absence of sampling data in the fall on
Figure 4-7).

FIGURE 4-7
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Action levels for other preliminary COCs/COECs were not established in association with the
FUIs. However, consistent with the presentation for other surface water bodies at the Site, arsenic
and cadmium concentrations for the four ponds are reported in Table 4-9 and on Drawings 4-9
and 4-10. State of Idaho Surface Water Quality Standards for aquatic life (screening criteria) may
not apply to the Site ponds. However, for reference the arsenic standard is 0.01 mg/L and cadmium
is approximately 0.001 mg/1 depending on hardness. Arsenic is notably below its surface water

criterion except for one event at MSPO55 in the spring 2008.

Similarly, cadmium in pond water is consistently above criterion in pond MSP055. However,
because MSP055 is a Tier 3 pond not suitable for aquatic life, State of Idaho aquatic life standards
are not a relevant point of comparison. Other preliminary COECs based on the BRA include
dissolved nickel (0.344 — 1.26 mg/L) and zinc (1.79 — 4.73 mg/L); these constituents are similatly
elevated in MSP055 compared to other Site locations (Appendix B, Table B-6a). In large part, it is
because of elevated surface water data collected from MSP055 that these analytes (arsenic, cadmium,

nickel and zinc) are identified as preliminary COECs.
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4.4.3 Springs and Seeps — Water Sampling Results

The Site has three monitored dump seeps (MDS016, MDS022, and MDS034) and one spring
(MSG002) which is located off of MWDO090 (Drawings 4-9 and 4-10). Only selenium commonly
exceeds surface water screening criteria in these locations. The concentrations and trends in

selenium for these four seep/spring locations ate shown on Figure 4-8 and tabulated in Table 4-10.

FIGURE 4-8
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Selenium rarely has been detected in water collected from MDS022. However it has exceeded the
selenium criterion during two sampling events. One of three surface water samples collected from
MDS016 (0.018 mg/L) exceeds the screening criterion (0.0031 mg/L), and two of three samples
from MSGO002 (0.012 and 0.016 mg/L) exceeds the screening criterion. Samples from MDS034
consistently exceed the selenium criterion with concentrations up to 0.14 mg/L total selenium in the

spring. The MIDS034 location has been dry in the fall when visited (Table 4-10).

The measured concentrations of cadmium (key preliminary COC/COEC) in the seeps and springs
are typically reported at the MDL (e.g., <0.0001 mg/L) as shown in Table 4-10 with a maximum
cadmium concentration of 0.0008 mg/L in MDSO016 (spring 2006). Arsenic concentrations ranged
from <0.0005 mg/L in MDS022 (spring 20006) to 0.0079 mg/L in MDS034 (spring 2008). These

cadmium and arsenic concentrations are below their screening criteria of 0.0013 mg/L (cadmium)

and 0.0062 mg/L (arsenic).
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4.4.4 Streams — Water Sampling Results

The streams potentially affected by the Site are portions of Lone Pine Creek, Little Blackfoot River,
and Long Valley Creek (Drawings 2-1, 4-9, and 4-10) discussed in Sections 2.3 and 4.3. Lone Pine
Creek flows from the southeastern corner of the Site north and westward towards its confluence
with the Little Blackfoot River. The Little Blackfoot River then traverses the Site through the
northern end. One small stream originates along the southwestern side of the Site and flows to
Long Valley Creek (Drawing 4-10). The nature and extent of contamination is discussed in each of

these streams as they pass through the Site.

4.4.4.1 Lone Pine Creek

As discussed in Sections 2.3 and 4.3, Lone Pine Creek is divided into three segments (Strip Mine
Creek, west fork of Lone Pine Creek, and downstream Lone Pine Creek). Strip Mine Creek and
Lone Pine Creek combine approximately one mile downstream of the Site (Drawings 4-9 and 4-10)

and Lone Pine Creek continues north and flows into the Little Blackfoot River.

The majority of the spring and seep flows originating on Site discharge to the headwaters of the
Strip Mine Creek and Lone Pine Creek, and several of these groundwater discharge sources have
elevated preliminary COC/COEC concentrations. Therefore, the upstream surface water stations
near the mine waste dumps and associated seeps and springs are affected by contaminated
groundwater discharge. However, the effects of groundwater discharges dissipate downstream
through attenuation (e.g., dilution, sorption, or redox reactions). This result is clearly shown in
Figure 4-9 for selenium and cadmium, which shows the maximum measured concentrations for the

Lone Pine Creek stations.
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FIGURE 4-9
MAXIMUM SELENIUM AND CADMIUM CONCENTRATIONS ON LONE PINE CREEK
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Note: MST064 and MST276 are on two separate tributaries to the West Fork of Lone Pine Creek and the dashed
lines indicate that these stations are located on two distinct tributaries to the West Fork of Lone Pine Creek.

Stations MST063, MST276, MST064, and MSTO057 are all located near the Site (within a half mile or
less). Drawing 4-10 provides the spatial reference along with associated total selenium
concentration statistics for each of these stations. Selenium concentrations decrease to well below
the screening criterion of 0.0031 mg/L at the downstream-most station on the west and east forks

as well as on the combined main stem stations of Lone Pine Creek (Figure 4-9 and Drawing 4-10).

Cadmium is detected at an elevated concentration in surface water collected at station MST063
located at the headwaters of Strip Mine Creek. MST063 is dominated by groundwater discharge
from spring MSGO02 and dump seep MIDS022, as well as likely groundwater baseflow discharge
directly to the channel. All other maximum cadmium concentrations for other stations on the creek
are non-detect (<0.0001 to <0.0003 mg/L) with one detected concentration of 0.0001 mg/L. For
reference, the screening critetion for cadmium is approximately 0.001 mg/L depending upon

hardness.

Arsenic is identified as a preliminary COC based on risk as presented in Section 6.0 and has been

detected at a concentration of:
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e 0.001 mg/L dissolved at station MST064 in spring 2006

e 0.0006 mg/L dissolved at station MST057 also in spring 2006

e 0.0011 mg/L total at station MST276 in spring
These are all headwater locations near the waste rock dumps. Other measured arsenic
concentrations for downstream Lone Pine Creek stations are <0.0005 mg/L.. The relevant
screening criterion (aquatic life standard) is 0.01 mg/L, and all measured concentrations are well

below the criterion.

None of the other preliminary COCs/COECs discussed in the opening of this section occur at
concentrations above screening criteria except possibly thallium at station MST276. A
concentration of 0.006 mg/L total thallium was measured at MST276 in the fall 2007 sampling
event, with the associated dissolved concentration being non-detect (<0.0001 mg/L). Measured
thallium concentrations at this station in the spring 2006 and 2008 were all non-detect (<0.0001

mg/L). Thallium is not detected at any other station in the Lone Pine drainage below the Site.

Other Stations

Three sampling stations are located further east on tributaries of Lone Pine Creek. These stations,
MSTO058, MST226 and MST275, were assigned as Site surface water stations because they are
located in the Lone Pine Creek drainage, for which, the Henry Mine is the dominant feature in the
watershed (Drawing 4-10). As discussed in Section 4.3, stations MST226 and MST275 were initially
proposed as background stations, but were removed as background stations based on A/ T's
concerns that these locations could be influenced by another nearby mine (i.e., nearby Wooley
Valley Mine). Station MST058 is downstream and on the same drainage as MST226. Because the
stations were identified as being associated with the Site and as not being background, they are

included in the risk calculations for the Site as described in Section 6.0.

Concentrations of preliminary COCs/COECs detected in surface water collected at MST058 and
MST?226 generally are not remarkable. Total selenium concentrations at MST226 generally range
from <0.001 mg/L (spring 20006) to <0.00272 mg/L (spring 2013). However, a concentration
0.00833 mg/L was measured in spring 2012, which is above screening criterion. Total selenium
concentrations at MST058 were <0.001 mg/L in the spring and fall 2004, but was 0.009 mg/L in
spring 2006. Dissolved arsenic concentrations are non-detect (<0.0005 mg/L in spring 2006 for
each station). MST226 and MST058 were sampled several times for cadmium and the results for

these sampling events are non-detect at <0.0003 or <0.0001 mg/L.
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Total selenium concentrations at MST275 range from <0.0005 mg/L (e.g., in spring 2013) to 0.008
mg/L in fall 2004, which is just above the screening criterion. Dissolved arsenic concentrations
range from <0.0007 mg/L in spring 2006 to 0.0224 mg/L in fall 2010. The atsenic screening
critetion is 0.01 mg/L. Dissolved cadmium often is not detected, but the maximum detected
concentration is 0.000166 mg/L (below screening critetion) in fall 2010. The station is unusual in
that it also had a maximum dissolved thallium concentration of 0.000348 mg/L (above the screening
criterion); however, a second, non-duplicate, sample collected and analyzed from the same day
(October 1, 2010) had a concentration of 0.000059 mg/I.. The one other sample analyzed for
thallium reports a concentration of <0.0001 mg/L. All of the maximum concentrations of
preliminary COCs/COECs occur in the fall, with concentrations significantly lower in the spring. It
does appear that preliminary COCs/COECs are elevated at MST275, but as noted, this station is not
associated with the Site. Excluding it from the risk calculations, would reduce the estimated surface

water tisks for the Site.

4.4.42  Little Blackfoot River

Data from seven monitoring stations on the Little Blackfoot River are used in the RI. Of these
stations, MST046, MST047, MST053, near the confluence with Lone Pine Creek, and MST043
downstream of the Site were sampled once in spring 2004. The selenium concentrations for these
stations are reported as non-detect (<0.001 mg/L). MST053 also was sampled in fall 2010 with a
measured selenium concentration of 0.0007 mg/L. These monitoring station locations are depicted

on Drawing 4-9 with a statistical summary of data, and complete data are provided in Appendix B,

Tables B-6a and B-6b.

The investigation of the Little Blackfoot River focused primarily on the three other stations:

e MSTO045, located just upstream of the mine
e MST044, located just downstream of the mine

e MST234, located further downstream just before the Little Blackfoot River flows into
Blackfoot Reservoir (Drawing 4-9).

Stations MST044 and MST045 each have been sampled 15 times, and MST234 five times. The total
selenium for these sampling events are plotted on Figure 4-10 for spring results and Figure 4-11 for
the fall results. With the exception of the MST044 fall 2007 sampling result, all the measured
concentrations are below 0.0019 mg/L, well below the screening criterion of 0.0031 mg/L. As

noted on Figures 4-10 and 4-11, a number of sample results are reported as <0.001 mg/I.. The fall
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2007 result for MST044 is 0.046 mg/L (Figure 4-11). This result is anomalous being the highest

selenium concentration measured on the Little Blackfoot River by more than an order of magnitude,

and additionally, selenium was not detected at 0.001 mg/L both upstream (MST045) and

downstream (MST234) during the sampling event. The concentration cannot be discounted based

on quality control data; nonetheless, it appears to be erroneous or anomalous data. Separately, the

results from MST044 for the spring 2014 sampling event, the disso/ved selenium concentration was

reported as 0.00579 mg/1, above the selenium screening critetion, but the #ofa/ selenium

concentration was reported as 0.000675 mg/L for the same sample. One of the two results has to

be erroneous as the dissolved concentration cannot exceed the total concentration by nearly an

order of magnitude. In addition, the screening criterion is for total selenium, which is not exceeded

by the total concentration.
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FIGURE 4-10
SPRING SELENIUM CONCENTRATION ON LITTLE BLACKFOOT RIVER
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Little Blackfoot River Monitoring Station

Notes: * - MDL ranged from 0.001 to 0.005 mg/L, all but one non-detected concentration had an MDL of
0.001 mg/L and all points shown as 0.001 mg/L were not detected.
ND — Concentrations for 2004, 2007 and 2008 were all not detected at the MDL of 0.001 mg/L.
Sampling was not conducted in 2011.
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FIGURE 4-11
FALL SELENIUM CONCENTRATION ON LITTLE BLACKFOOT RIVER
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Little Blackfoot River Monitoring Station

Notes: * - For fall samples MDL was 0.001 mg/L, except for 0.005 mg/L at MST045 in Fall 2010. All points
shown as 0.001 mg/L were not detected.
Sampling was not conducted in 2011.

What is shown on Figures 4-10 and 4-11 is that selenium only increases between MST045 and
MSTO044, across the Site, in three of the 15 events. Only during the fall 2014 event did the
concentration increase by more than 15 percent (relative percent difference). For the other 12
events, the concentrations are either unchanged upstream to downstream or decreased. The
selenium concentration increases downstream to MST234 only during the fall 2008 event. For all
the other events when MST234 was sampled, selenium is not detected at the station. Based on the
selenium data collected and an interpretation of the range of concentrations, it does not appear that

the Site is affecting the Little Blackfoot River directly with Site preliminary COCs/COECs.

For the seven Site stations monitored along the Little Blackfoot River during the RI, 38 results are
available for dissolved cadmium (triplicates and duplicates as one average result). Of these results,
there is only one detected concentration of 0.000012 mg/L at MST053 in the fall 2010 sampling
event (Drawing 4-9). All other cadmium concentrations are non-detect for the various sampling

events ranging from <0.0001 to <0.0006 mg/L.
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Arsenic has rarely been analyzed for at the Little Blackfoot River stations. A result of 0.00075 mg/L
is reported for station MST053 upstream of the Site in fall 2010, and a result of 0.00053 mg/L is
reported for MST234 downstream of the Site in spring 2006 (Drawing 4-9).

4443 Long Valley Creek

The tributary to Long Valley Creek that flows below waste rock dump MWDO087 along the west side
of the Site has a single sampling station - MST051 (Drawing 4-10). Sampling station MST271 is
located on Long Valley Creek just downstream of the confluence with the tributary (Drawing 4-9).

Beyond that Long Valley Creek flows into the Little Blackfoot River.

Station MST051 often is dry. It was scheduled to be sampled numerous times between 2004 and
2010. However, in spring 2004, 2006, 2007, 2008, and 2010, it was found to be dry. It was also
found to be dry in fall 2007 and 2008. The only time the tributary was found to be flowing was
spring 2009, and it was sampled. The total selenium concentration was measured as 0.000705 mg/L,
and dissolved cadmium was <0.000125 mg/I. (Drawing 4-10). Arsenic was not included in the

analytical suite duting this A/ T-approved sampling program.

MST271 located downstream on Long Valley Creek was only scheduled for sampling during the
spring 2004 and 2006 sampling events. The location was dry in spring 2004, but was sampled in
spring 2006. Preliminary COC/COEC concentrations were similatly low. Total selenium was non-
detect (<0.001 mg/L), and dissolved cadmium was reported at <0.0001 mg/L (Drawing 4-9).

Arsenic was detected at 0.0023 mg/L, below its screening critetion of 0.0062 mg/L.

45 GROUNDWATER

Groundwater monitoring has occurred in the Site area since 2004 at 16 monitoring, agriculture,
domestic, and production wells and a direct-push pre-packed well and at 31 direct-push boreholes.
Groundwater samples collected and analyzed from these wells are used to help identify potential
impacts to groundwater from the Site. Spring and fall sampling events and the data generated that
began with EE/CA monitoring in 2004 and has continued through RI/FS sampling in 2014 are
discussed below. Not all of the groundwater wells included in this discussion were sampled during
every event or for every constituent (metals/metalloids/non-metals and general water quality
parameters), because each sampling event considered changing data quality objectives (DQOs, 1.e.,

data needs) prior to A/T-approval of individual monitoring plans.
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This section then presents a summary of groundwater constituents that are identified to be
preliminary COCs based on the following CERCLA criteria for when remedial action is warranted
(USEPA, 1991):
e The constituent exceeds its respective chemical-specific screening criteria (i.e., Idaho
groundwater standards (58.01.11) or Federal primary MCLs”), or

e The constituent contributes to unacceptable human-health risk based on results of the BRA
(see Section 6.0).

The results of the Site groundwater monitoring events are presented in various documents, some of
which are listed in Section 3.5, and the complete analytical results for each monitoring well location
are presented in Appendix B, Table B-7. Groundwater well locations along with the statistical

summaries of analytical results at each location are presented on Drawings 4-11 and 4-12.

This section also includes evaluations of select constituents that are known indicators of selenium
mining impacts to groundwater (e.g., sulfate which can result from the oxidation and dissolution of
sulfides in the mine wastes). Sulfate are included in the discussion of nature and extent in
groundwater at the Site even though they do not exceed (or do not have) chemical-specific ARARs,
or do not contribute to unacceptable human-health risk. They are compared to their Secondary

MClLs (SMCL)" as reference points. The SMCLs ate not potential ARARSs.

4.5.1 Preliminary Constituents of Concern in Site Groundwater

The detected constituents in Site groundwater that exceed their respective Idaho groundwater
standard or Federal primary MCL (screening criteria), are limited to selenium and cadmium.
Constituents that are identified in the BRA to contribute to unacceptable human-health risk include

arsenic, cobalt, and thallium.

It is notable that the three risk-derived preliminary COCs do not exceed screening criteria.
(Preliminary COECs do not exist for groundwater, because there is not a complete pathway to
ecological receptors.) Table 4-11 provides the concentration ranges of these risk-based preliminary

COC s in groundwater at the Site, along with their background levels and associated chemical-

3 USEPA established maximum contaminant levels (or MCLs), to protect the public against consumption of drinking
water contaminants that present a risk to human health. USEPA established Secondary MCLs (or SMCLs) only as
guidelines to assist public water systems in managing their drinking water for aesthetic considerations, such as taste,
color and odor. These contaminants are not considered to present a risk to human health at the SMCL. SMCLs are non-
mandatory and not enforced by USEPA. Although this section includes comparisons with SMCLs in order to provide
reference concentrations to facilitate the evaluation of the nature and extent of contamination in groundwater at the Site,
SMCL exceedances ate not used to identify preliminary COCs.
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specific screening criteria. They are, however, specifically discussed for those locations where they
are detected. The data for the criteria-exceeding COCs, selenium and cadmium, are presented in
Table 4-12, and summary statistics by location for all the preliminary COCs are shown on
Drawings 4-11 and 4-12.

4.5.2 Hydrostratigraphic Units
The following discussion of the nature and extent of contamination in groundwater is presented
separately for each of the three principal groundwater flow systems (or hydrostratigraphic units)

discussed in Section 2.6. These include the:

e Shallow Alluvial Unit

e Dinwoody Formation

e Wells Formation
In addition, a separate discussion is included for “Other Units” to describe the groundwater
sampling results for some of the older wells have missing or minimal drilling logs, and therefore, it is

not known with certainty which hydrostratigraphic unit they represent.

The investigations were conducted using monitoring wells (MMW), direct-push boreholes (BH), one
direct-push pre-pack well (or borehole well; MBW), and two production wells (MPW). Surface
water features that discharge directly from groundwater (seeps/springs/baseflow stream discharge)
are mentioned in the following discussion where relevant, but are primarily presented in the surface

water discussion in Section 4.4.

In addition, agricultural (MAW) and domestic wells (MDW) have been sampled as part of the Site
investigation (see Drawing 3-3 for locations). These wells exhibit relatively elevated concentrations
of aluminum, iron, manganese, and TDS in some cases (Appendix B, Table B-7). However, these
exceedances were characterized as being normal regional background, and the wells were assigned to
the background data set (IMWH, 2013a). The selenium and cadmium concentrations for these wells
are presented in Table 4-12 and shown on Drawings 4-11 and 4-12. Cadmium has never been
detected in any of the agricultural or domestic wells. All the selenium concentrations have been less
than a maximum concentration of 0.006 mg/L with one exception. The Fall 2012 selenium
concentration in MDWO003 was 0.0109 mg/L, which is still much below the selenium criterion of

0.05 mg/L.
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Monitoring well locations and the one direct-push (pre-pack) well location for the Site are shown on
Drawings 4-11 and 4-12, which also displays the concentration statistics for the preliminary COCs
including sulfate, which is an analyte of interest sulfate. The majority of the monitoring wells were
installed in the field seasons of 2007, 2008, and 2009. Site monitoring well completion details are
presented in Tables 3-4 through 3-6. The tables indicate the specific hydrostratigraphic
groundwater unit (as discussed in Section 2.6) which each well is screened in and is intended to

monitot.

A significant component of the investigation of the alluvial system was a one-time sampling program
conducted using the direct-push sampling technology (as presented in MWH, 2008). Direct-push
borehole locations with selenium results are also shown on Drawings 4-11 and 4-12. For these
boreholes, groundwater was collected and analyzed for selenium only once at each location during
the year of installation and were subsequently abandoned. Because the uncompleted boreholes
generated highly turbid samples, all samples were field filtered per the Field Sampling Plan (MWH,

2008), and the results are for dissolved selenium.

Section 5.1 provides a more in-depth discussion of the source, transport pathways, and receptors for
the Site. However, the most relevant groundwater sources, pathways, and receptors are briefly
described herein to provide context for the presentation of the extent of the elevated constituent

concentrations detected at the Site.

45.2.1  Shallow Alluvial Unit

The shallow unconfined alluvial unit contains alluvium, colluvium, and the uppermost weathered
(decomposing) bedrock, and because these units have similar hydrogeologic properties, they form a
single shallow hydrostratigraphic unit. At the Site, basalt located along the Little Blackfoot River
between the northern and central mine pit areas also represents the uppermost shallow groundwater

system and is included as part of the shallow alluvial unit because of the similar hydrogeology.

The surface watershed and shallow alluvial groundwater flow at the Site is toward the Little
Blackfoot River with a large portion reaching the river via the Lone Pine Creek watershed (Drawing
4-11). More specifically, the bulk of the Site lies between two bedrock ridges formed by the limbs of
a syncline (refer to Section 2.4). The intervening swale holds most of the waste rock, which is the
known source of Site contaminants. The swale presumably contains variable thicknesses of alluvium

along its length that is now covered by waste rock.
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This configuration has resulted in two primary areas where the shallow alluvial system may transport
COCs away from the Site. These areas are located where there are breaks in the ridges: where the
Little Blackfoot River cuts through the ridge, and between the south and south-central mine area,
where the current Enoch Valley haul road runs (Drawings 4-11 and 4-12). The distribution of
preliminary COCs in the alluvial system is discussed below for the northern and southern alluvial

systems.

Northern Alluvial Area

As depicted in Drawing 4-11, the northern area is centered along the Little Blackfoot River and
contains areas of alluvium and basalt as shown on Drawing 2-2. Groundwater samples were
collected from both direct-push and conventional monitoring wells to characterize chemical
concentrations in the alluvial groundwater system. The direct-push approach was reasonably
successful in the alluvial areas; however, the borings often could not be advanced to sufficient depth

to obtain groundwater in the areas directly underlain by basalt.

The spatial distribution of 2008 and 2009 direct-push boreholes and measured dissolved selenium
results are depicted on Drawings 4-11 and 4-12. Fourteen direct-push borings were advanced;

however, eight were dry or refusal occurred before any groundwater was encountered.

Selenium concentrations detected in these boreholes are below the screening criterion of 0.05 mg/L
with a single exception. The groundwater sample collected from direct-push borehole BH063
reports the maximum detected selenium concentration in the northern area (0.13 mg/L). This
temporary borehole was located within the mine area between ponds MSP015 and MSP016
(Drawing 4-11). Two additional boreholes (BH061 and BH062) were advanced in a downgradient
direction from BHO0G63 along the edge of the waste rock, but bedrock was encountered before
alluvial groundwater was encountered. Further downgradient, between the mine and the Little
Blackfoot River, three boreholes were advanced along the toe of waste rock dump MWDO088
(BH058-BHO060). In the thin alluvial deposits, groundwater flow locally is directed westward toward
the Little Blackfoot River following the topography and the local drainage, and roughly parallels the

alignment of the three boreholes in this area.

Of these boreholes, a groundwater sample from BH059 contained 0.041 mg/L selenium.
Groundwater sampled from BHO058, located further downstream on the surface water channel, had a
non-detectable selenium concentration (<0.001 mg/L). To address a potential northward
component of shallow groundwater flow from this area or upwelling bedrock groundwater, in 2009,
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four additional borings were advanced between MWDO088 and the river (BH150 through BH153,
including BH152/MBW152). Groundwater sampled from three of the four boreholes had dissolved
selenium concentrations of <0.0005 to 0.0055 mg/L and BH150 was dry. The boring immediately
adjacent to the river was converted to a permanent monitoring well (MBW152). Total selenium
concentrations in groundwater samples collected from MBW152 have remained below 0.0025 mg/L
since the initial direct-push groundwater sample collected from the uncompleted borehole (which

had a selenium concentration of 0.0047 mg/L — see Figure 4-12).

FIGURE 4-12
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The May 16, 2009 result was a dissolved selenium concentration collected from borehole BH152 prior to well installation

Monitoring well MMWO019 (14-foot deep well) was installed on the north end of mine pit MMP043
and waste rock dump MWDO088 to investigate the shallow alluvial groundwater system. However,
black shale of the Phosphoria Formation was encountered at 6 feet bgs and first water was
encountered at 10 feet bgs. Given the shallow depth, the water collected from this well is associated
with the shallow alluvial system, despite being obtained from Phosphoria Formation shale. This is
supported by the hydraulic response of the well discussed in Section 2.6. As shown on Figure 4-13,

selenium concentrations in groundwater collected and analyzed from MMWO019 have been below

0.006 mg/L.
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FIGURE 4-13
TIME SERIES SELENIUM CONCENTRATIONS FOR MONITORING WELL MMWO019
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Based on the investigation of the area just souh of the Little Blackfoot River, it is concluded herein
that elevated selenium concentrations are present in the alluvial groundwater, but where they are

present, they are confined to areas beneath and immediately adjacent to the waste rock.

North of the river, the basalt is much more prominent and the direct-push program was not
successful in encountering groundwater largely because of the lack of alluvium (the geologic
mapping did not identify any alluvium in this area, Drawing 2-2). However, monitoring well
MMWO004 is an ideal location between the mine area (notably MWDO085) and the river. Selenium
concentrations in groundwater at this location are below 0.003 mg/L in all sampling events (Figure
4-14). No drilling log exists for MMW004. However, the well was examined with a video camera
and casing length and total depth were recorded. Based on the casing depth of 55 feet (below which
it is an open borehole), geology, and location, it is likely that the zone monitored is near the bottom
of the basalt. Additionally, the watershed and amount of waste rock in this watershed are relatively
small compared to the other Site areas, so additional investigation of the basalt was not conducted

based on these results.
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FIGURE 4-14
TIME SERIES SELENIUM CONCENTRATIONS FOR MONITORING WELL MMWO004
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Of the three (3) preliminary COCs identified in the BRA (arsenic, cobalt, thallium), arsenic is
detected only in MMWO004 at 0.0006 mg/L, and thallium in MMWO019 is reported at the detection
limit of 0.0001 mg/L. These concentrations are below background levels (Table 4-11). All other
concentrations of these preliminary BRA COCs, as well as cobalt, are below the detection limits
(Appendix B, Table B-7). Drawing 4-11 presents concentration statistics for these preliminary

COCs and spatial distribution.

The sulfate concentrations from twenty-one (21) MMWO004 sample results, including four triplicates,
from 2004 — 2009 ate in a relatively natrow range between 112 and 137 mg/L (Appendix B, Table
B-7). These results do not exhibit any significant seasonal variability. The TDS results for these

same MMWO004 events exhibit a similar narrow range (460 — 548 mg/L).

Four sulfate results for MMWO019 from 2007 to 2009 range from 55 to 159 mg/L with the lowest
concentrations in the spring. The associated TDS results for MMWO019 range from 308 to 554
mg/L with the same seasonal pattern. The observed seasonal pattern in MMWO019 sulfate and TDS

results is consistent with the shallow runoff interflow source of water discussed in Section 2.6.

The observed sulfate concentrations in both of these two wells are consistent with them being
unimpacted by Site sources. The TDS concentrations in these two wells periodically exceed the
SMCL (SMCLs are used as reference points only for these general water quality parameters).

Typically, where this occurs at the P4 Sites, it is due to elevated sulfate. However, in this northern
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area it is because of a sodium-chloride component that is not apparently related to the Site and is

discussed further in Section 4.5.3.

Southern Alluvial Area

The southern alluvial area includes the groundwater flow from beneath the Site’s southern external
waste rock dumps (most of MWIDO086 and all of MWID090, Drawing 4-12). The alluvial
groundwater flow in this area is eastward then northward along Lone Pine Creek. The alluvium in
this area was investigated using direct-push borings and two monitoring wells —- MMWO010 and

MMWO014. Basalt is not present in the southern area.

As a result of detected selenium concentrations in MMWO010 (up to 0.219 mg/L; discussed below)
and area surface water (discussed in Section 4.4), direct-push borings (BH029 to BH030, BH073 to
BHO077, BH157 to BH158, and BH167 to BH171) were advanced in downgradient locations
between 2008 and 2010 (Drawing 4-12). Selenium concentrations in the groundwater samples

collected from these borings are below the criterion of 0.05 mg/L.

The selenium concentration detected in BH074, located near MMW 010, of 0.031 mg/L was
consistent with MMW0O010 selenium concentrations. Boreholes downgradient of this area were either
dry or had selenium concentrations less than 0.005 mg/L (i.e., BH073 and BH076). Selenium
concentrations in boreholes near the more southern lobe of MWD090 ranged from 0.018 mg/L to
0.032 mg/L. (BH157, BH158, and BH167). However, selenium concentrations further downstream
in boreholes BH169 and BH170 were less than 0.002 mg/L. Ditrect-push boreholes advanced neatr
the more northern lobe of MWDO090 contained groundwater with non-detectable selenium
concentrations (<0.001 mg/L) consistent with the observation from MMWO014. Similar to the
northern area, selenium concentrations above the criterion of 0.05 mg/L are located beneath or very

near the waste rock accumulations.

In addition to the alluvial groundwater flow toward Lone Pine Creek from the southern area, there
is a potential component of alluvial groundwater flow from the relatively small waste rock areas
located on the west side of the mine pits (MWIDO087). This potential alluvial flow is associated with a
small tributary to Long Valley Creek. In addition, pre-mine topography suggests that some alluvial
flow could originate in the headwater area from a portion of MWDO086. This drainage was
investigated with three boreholes (BH072, BHO078, and BH079). Alluvial groundwater was scarce in

this small tributary watershed with groundwater not encountered in two locations including the
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borehole advanced at the toe of MWDO087. The one location where groundwater could be collected
(BHO079) had a non-detectable selenium concentration (<0.001 mg/L) (Drawing 4-12). This
tributary drainage apparently does not contain any significant quantity of contaminant-impacted

alluvial groundwater.

Two monitoring wells have been used to monitor the alluvial groundwater over time in the southern
area — MMWO010 and MMW014 (as noted above). Monitoring well MMWO010 is located in the
southern lobe of MWDO086 near pond MSP014, and MMW014 is centrally located at the toe of
waste rock pile MWDO090 (Drawing 4-12).

Selenium concentrations in MMWO010 exceed the critetion of 0.05 mg/L every spring with
concentrations up to 0.219 mg/L, and all the fall results were below 0.05 mg/L when they measured
prior to 2011 (Figure 4-15). It is notable that MMWO010 has the only non-selenium groundwater
exceedance at the Site. Cadmium exceeds the screening critetion of 0.005 mg/L on three occasions;
however, the maximum concentration is only 0.00628 mg/L. Selenium concentrations in MMWO014
are not detected or are very near the detection limit (Figure 4-16), and cadmium concentrations,

similarly, have been at or below the detection limit.

Of the three (3) preliminary COCs identified in the BRA (arsenic, cobalt, thallium), MMWO010 and
to some extent MMWO014 have some of the higher risked-based preliminary COC concentrations
(Drawing 4-12 and Appendix B, Table B-7). Both wells were sampled twice (fall 2007 and spring

2008) for a suite of constituents that contained the preliminary COCs.

FIGURE 4-15
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FIGURE 4-16
TIME SERIES SELENIUM CONCENTRATIONS FOR MONITORING WELL MMWO014
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Groundwater samples collected and analyzed from MMWO010 have, (1) a detectable arsenic
concentration of 0.0043 mg/L (spring) and no detection in the fall (<0.0005 mg/L), (2) a detectable
cobalt concentration of 0.01 mg/L (the detection limit) in the fall and no detection in the spring
(<0.01 mg/L), and (3) a detected thallium concentration of 0.0008 mg/L (spring) and no detection
in the fall (<0.0001 mg/L). All of these spring-season sample concentrations exceed background
concentrations (Table 4-11), and are consistent with the observation of elevated selenium in the well
in the spring. The concentrations of arsenic, cobalt, and thallium are below applicable screening

criteria.

Groundwater sampled from MMWO014 reports arsenic concentrations ranging from 0.001 mg/L
(spring) to 0.0012 mg/L (fall), no detectable cobalt (<0.01 mg/L), and no detectable thallium
(<0.0001 mg/L) in the spring, but detected at 0.0009 mg/L in the fall. These concentrations are
generally near to slightly above the background levels of 0.00103 mg/L atsenic, 0.000436 mg/L
cobalt and 0.00002 mg/L thallium. The concentrations of all these preliminary COCs are below

screening criteria®.

With an exception of the first sampling event in October 2007 (36.7 mg/L), sulfate concentrations
in MMWO010 groundwater have been above the SMCL of 250 mg/L in every event, with a maximum
concentration of 782 mg/L. This is also reflected in the TDS concentrations which range from 940

to 1770 mg/L. (SMCL of 500 mg/L) with the exception of the October 2007 event (280 mg/L).

* Note that one sampling event for MMWO004 in fall 2005 reported a method detection limits (MDL) for cadmium that
exceeded its screening criteria. All other sampling events reported cadmium below a lower MDL in this well.
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Here again, these results are consistent with the elevated selenium concentrations observed in the
well, but the seasonality is less pronounced. Sulfate (less than 62 mg/L) in MMWO014 is well below
the SMCL. Well MMW014 has a higher proportion of alkalinity in the groundwater, and as a result
the TDS is elevated with respect to sulfate ranging from 350 to 580 mg/L.

The MMWO010 area is notably affected by elevated COC concentrations, and vertical hydraulic
gradients and COC transport are a consideration. The nearest bedrock well is MPW023 located
approximately 750 feet to the southeast in Phosphoria Formation, and COC concentrations do not
exceed screening levels in this well as further discussed in Section 4.5.2.4. This lack of impact
suggests that downward migration into the bedrock at this location is not occurring despite an
apparent slight downward gradient indicated by comparisons of MMWO010 and MPW023 water level
measurements. Both wells are installed in mining disturbed areas, and adjacent to a backfilled mine
pit, and while not collocated, they are in very similar positions relative to source materials and for

assessment of alluvial groundwater conditions.

4522 Dinwoody Formation

The Dinwoody Formation is exposed primarily on the ridge running along the eastern edge of the
Site. This location is in the recharge zone for the Dinwoody Formation and any constituents from
the Site that are present in the Dinwoody aquifer would be migrating parallel along the axis of the
syncline toward the northwest and the Little Blackfoot River. However, some migration to the
northeast toward the Henry Thrust Fault, perpendicular to the syncline axis also is possible (refer to
Section 2.6 for further hydrogeology discussion). As a result, two monitoring wells were installed to

evaluate these flow paths, MMW022 and MMWO028 (Drawings 2-2 and 4-12).

Historical total selenium concentrations in groundwater sampled from monitoring well MMW022
are presented on Figure 4-17. Selenium concentrations were initially just less than 0.02 mg/L, but
have increased to a maximum of 0.0456 mg/L (below the selenium criterion of 0.05 mg/L). In
addition, sulfate concentrations have also increased with time being just above or below the SMCL
(250 mg/1) for most of the sampling history, but having increased recently to as much as 291 mg/L
(Figure 4-17). 'TDS has shown a similar increasing trend from 600 to 682 mg/L in April 2013, with
maximum TDS concentration of 706 mg/L occutring in June 2009 (Appendix B, Table B-7). The
significance of these trends are discussed in Section 5.0; however, this increase follows a large
recharge event observed in 2011. Therefore, the elevated concentrations appear to be related to the

uncommon recharge event (an advancing pulse) as opposed to an advancing plume. If the former is
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the case, then concentrations should decrease in future sampling rounds as the pulse migrates and
dissipates and/or attenuates as it moves downgradient (i.e., assuming consecutive or closely spaced

anomalously high recharge events do not occur).

FIGURE 4-17
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Historical total selenium concentrations in groundwater sampled from Dinwoody Formation
monitoring well MMWO028 are presented on Figure 4-18. Selenium concentrations in this

monitoring well have been approximately 0.01 mg/L or less with a flat trend over the sampling
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record. This suggests that contaminant transport in the Dinwoody Formation toward the Little
Blackfoot River is not a significant pathway. Sulfate reports a narrow low range of 65.25 to 72.8
mg/L in MMW028 groundwater, and TDS ranges from 294 to 484 mg/L with a sodium-chloride
component (Appendix B, Table B-7).

Monitoring wells MMW022 and MMWO028 were sampled once for the full suite of preliminary
COCs. The three preliminary COCs identified in the Site BRA (arsenic, cobalt, and thallium)
generally are not detected in the Dinwoody Formation wells (Appendix B, Table B-7). A single
sample of a triplicate analysis reports an arsenic concentration of 0.0006 mg/L in MMW022 (below
background level, Table 4-11). The other two samples have not detected concentrations at 0.0005
mg/L. Cobalt and thallium were non-detect in both monitoring wells. Concentrations along with
the well locations are provided on Drawing 4-12.

FIGURE 4-18
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4523  Wells Formation

The flow direction in the Wells Formation at the Site is predicted to be to the northwest toward the
springs near the village of Henry (refer to Section 2.6 for the hydrogeology discussion). These
springs are a recognized discharge location for the regional groundwater system that is composed
primarily of the Wells Formation groundwater (MWH, 2008). Well MMWO011 was installed to
evaluate groundwater in the Wells Formation downgradient of the southern and central Henry mine

pits. MMW023 was installed to evaluate groundwater in the Wells Formation directly beneath the
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northern mine pit (see Drawing 4-11 for locations). Both wells have been sampled several times for

selenium, but only once for preliminary COCs identified in the BRA.

The historical groundwater preliminary COC concentrations for MMWO011 and MMW023 are
shown on Figures 4-19 and 4-20, respectively. With one exception (i.e., concentration of 0.017
mg/L in MMW023), selenium concentrations in both monitoring wells are below a maximum of
0.004 mg/L, which are below the selenium criterion of 0.05 mg/L. In the spring of 2009, the total
selenium concentration reported in MMW023 is 0.017 mg/L. This may be the result of a larger
recharge event. The effects of the recharge events dissipate rapidly in well MMWO023.
Unfortunately, sampling was not conducted in the spring of 2011 following the large 2011 recharge
event noted in well MMWO022 (above). The effects of the larger recharge events on preliminary

COC concentrations in groundwater are discussed in more detail in Section 5.0.

FIGURE 4-19
TIME SERIES SELENIUM CONCENTRATIONS FOR MONITORING WELL MMWO011
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The selenium concentrations and other concentration data (e.g., sulfate) suggest that the Wells
Formation monitoring wells are not significantly impacted by the Site. However, the preliminary
COC:s (Section 6.0) identified in the BRA (arsenic, cobalt, and thallium) are commonly detected in
the Wells Formation (Drawing 4-11). Arsenic is detected in groundwater samples collected from
MMWO011 and MMW023 at concentrations of 0.0005 mg/L (the detection limit) and 0.0043 mg/L,
and thallium at 0.0002 mg/L and 0.0009 mg/L, respectively. Cobalt is reported at the detection
limit of 0.01 mg/L in MMW023, and is not detected in MMWO11. These preliminary COC
concentrations straddle the background threshold (Table 4-11).
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FIGURE 4-20
TIME SERIES SELENIUM CONCENTRATIONS FOR MONITORING WELL MMWO023
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4524 Other Hydrostratigraphic Units

Two production wells were installed in the southern portion of the Site during mining in the early
1980s. These wells were installed apparently in an attempt to help dewater the two southern mine
pits. These wells, MPW022 and MPW023, are located just east and adjacent to mine pits MMP044
and MMPO042, respectively (Drawing 4-12). Detailed drilling logs are not available for these wells.
However, based on the geology and depth, and the MPWO022 driller’s log, these wells are likely
installed in either the Rex Chert or Cherty Shale Members of the upper Phosphoria Formation.
Because these wells were used for dewatering, it appears that they are in some hydrogeologic
communication with the mine pits that are now backfilled and located near the wells. Given the
geologic and topographic configuration, it is probable that they are in a downgradient position from
the mine pits. Selenium concentrations in both wells typically are below the laboratory detection
limits (Figures 4-21 and 4-22). Because both wells are located between the mine pits and the Lone
Pine Creek watershed (Drawing 5-3), these data indicate that either mine-impacted groundwater is
not present or the hydraulic gradient is not toward Lone Pine Creek. However, given the physical
hydrogeologic configuration of the area, it appears that the wells are downgradient of the mine pits

and upgradient of Lone Pine Creek.

Remedial Investigation Report for the Henry Mine Page 4-50
October 2017



FIGURE 4-21
TIME SERIES SELENIUM CONCENTRATIONS FOR MONITORING WELL MPWO022
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FIGURE 4-22
TIME SERIES SELENIUM CONCENTRATIONS FOR MONITORING WELL MPWO023
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Only groundwater collected and analyzed from MPW023 has detectable concentrations of the
preliminary COCs identified in the BRA (i.e., arsenic, cobalt, and thallium). The results from the
single sampling event shows arsenic at 0.0037 mg/L and thallium at 0.0005 mg/L (both above
background threshold). Cobalt has never been detected at MPW023.

4.5.3 Water Quality Typing

Major ion data have been collected from groundwater monitoring locations during at least one pair
of spring and fall sampling events for all monitoring wells, seeps and springs at the Site. The major
ions include the cations: calcium, magnesium, potassium and sodium, and the anions: chloride,

Remedial Investigation Report for the Henry Mine Page 4-51
October 2017



carbonate/bicarbonate (total alkalinity), and sulfate. Total alkalinity is used in place of
carbonate/bicarbonate, because it is more commonly available in the data set. Where the forms of
alkalinity have been analyzed, bicarbonate is the overwhelming predominant component of the total
alkalinity as expected based on the pH of the samples, and all calculations assumed that total

alkalinity is equivalent to bicarbonate.

Piper diagrams are used to classify water types by comparing the ratios among the various ions. The
major ion data are plotted on a piper diagram - Figure 4-23 - to evaluate the overall water type and
trends on the Site. All the available major ion data for the Site are averaged by location and plotted

for clarity.

The Piper diagram indicates that the Site waters generally grade between a calcium
carbonate/bicarbonate (carbonate) water type and a calcium sulfate (sulfate) water type. However,
the monitoring wells in the northern portion of the Site also have a sodium chloride component,

regardless of unit screened (i.e., MMW004, MMWO011, MMWO019, MMW023 and MMW028).

Selenium concentrations are plotted on the diagram as circles around the points with the radius of
the circle proportional to the average selenium concentration for the monitoring location (the MDL
is used for not detected concentrations). What is seen is that for those monitoring locations on the
calcium carbonate — calcium sulfate trend, higher relative sulfate concentrations correlate to higher
selenium concentrations. This is consistent with the conceptual geochemical model, discussed in
detail in the RI/FS Work Plan, where oxidizing sulfides in the waste shales are a soutce of selenium.
The correlation does not hold for the monitoring wells with the sodium chloride component.
Besides having a higher relative sodium chloride component, there is also a higher relative sulfate

component that does not correlate to higher selenium concentrations.

All the locations in the northern portion of the Site have relatively low concentrations of selenium.
The source of the sodium chloride component ubiquitous to northern portion of the Site has not

been determined. The unique features of this area include the basalt and the Little Blackfoot River.
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FIGURE 4-23
PIPER DIAGRAM FOR ALL GROUNDWATER SAMPLING LOCATIONS INCLUDING SEEPS
AND SPRINGS
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4.5.4 Selenium Speciation

Wells MMWO004 (northern alluvial) and MPWO022 (Phosphoria Formation) were sampled in 2005 to
evaluate the form of selenium in the groundwater and effects of sampling on the selenium speciation
(see Section 3.7.3). A complete discussion of the results including quality control (QC) is reported
in MWH, 2006. Extensive QC sampling was conducted to help validate the speciation sampling and

analytical methods because of the uniqueness of the sampling program and analytical procedures.
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The QC results were acceptable with the exception of low field spike recovery at the Site wells.
However, the overall data were deemed acceptable for the study. Table 4-13 lists the groundwater
sampling parameters analyzed in the field, Table 4-14 lists general metal/metalloid results, and

Table 4-15 provides the results of the selenium speciation analyses and field spike recoveries.

Results for two forms of preservation are presented (no preservation and EDTA preservation). All
samples also were flash frozen in the field for transportation to the laboratory. The selenium
speciation results identify that the field preservative used had minimal impact on the results
signifying that interferences (possible co-precipitation after sample collection) associated with iron,

manganese, and aluminum are negligible.

The speciated results were compared to a total selenium analysis and the relative present difference
calculated. For monitoring well MMWO004, the results were acceptable, but the selenium
concentration in MPW002 was too low for a valid comparison. As described in MWH, 2000, the
Henry and Ballard Site speciation results primarily validated the sampling method. The results do
suggest that selenium primarily occurs as selenate (Se*®) at the Site. This result would indicate that
the selenium in the groundwater at the Site is in the most mobile form. However, the sample size
was too small to develop any definitive conclusions, and the locations sampled had relatively low

selenium concentration and are not indicative of a Site-impacted location.

455 Aquifer Solids

Aquifer solids were collected and analyzed during 2007 monitoring well drilling for chemical
parameters from rock chip samples. Samples were either collected at the top of the borehole (at 5
feet), first water in the targeted unit or from the bottom of drill hole, or all three. These data are
provided in Table 4-16. The rock samples from the Dinwoody and Wells Formations generally
have lower concentrations of metals and a slightly alkaline pH (8 to 9 standard units or s.u.). The
alluvial samples and the Phosphoria Formation samples generally have higher metals concentrations
(chromium, iron, nickel, and selenium) and near neutral pH. The sample of Phosphoria Formation
from MMWO019 is not notably elevated in many of the constituents with the sample possibly from
the Cherty Shale Member or a less mineralized interval of the Meade Peak Member. The MMWO010
alluvial aquifer solids sample collected at first water (17 feet) had the highest concentrations of most
metals including — cadmium, chromium, nickel, selenium, vanadium, and zinc. It is possible that at
this location the alluvium was derived largely from the nearby Meade Peak Member outcrop.
Alternatively, the elevated aquifer solid concentrations may be because of absorption from impacted
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groundwater. Either way, these concentrations could reflect or, in part, be associated with the

elevated groundwater concentrations seen in the well.

46 BIOTA

A variety of aquatic biological-chemical data were collected during 2004 investigations at the Site.
These aquatic data include: (1) stream habitat assessments, (2) riparian habitat assessments, (3) fish
data, and (4) benthic macroinvertebrate data, which are discussed below. In addition, some
terrestrial biota data were collected prior to 2004 including bird eggs, elk tissues and cattle tissues.
However, these data have not been validated to current standards but can be validated, as needed,
and used to support this RI and BRA. These data are extensively discussed in the RI/FS Work Plan
and DQUR/DAR.

4.6.1 Habitat Assessments

Both stream habitat and riparian habitat were assessed for their functionality. These assessments are

summarized below.

4.6.1.1  Stream Habitat Assessment

A stream habitat assessment was conducted in May 2004 on all streams influenced by the Site with
the objective of differentiating stream habitat that supports fish from stream habitat that does not
support fish. Rapid bioassessment surveys conducted on the streams used protocols established by
USEPA (Barbour, et. al., 1999) to characterize the quality of the physical habitat. These results are
reported in Draft Interim Phase I S1s Evaluation Summary MWH, 2007) and RI/FS Work Plan and are

summarized below.

The rapid bioassessment score (RBS) for each station was established by assigning ten categories a

score of 0 to 20 points based upon field inspection as listed below.

e Frequency of riffles (or bends);

e Channel flow status;

e Embeddedness;

e Velocity and depth regime;

e Sediment deposition;

e Epifaunal substrate and available cover;

e Vegetative protection;
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e Channel alteration;
e Riparian vegetative zone width; and,
e Bank stability.
The scores from the ten categories then were summed to calculate the RBS for each station. The

maximum RBS is 200 points, with a high score indicating an overall high quality of physical habitat.

In addition to the RBS score, the presence or absence of fish at a station also was a consideration.
The presence of fish was determined at each station by electroshocking. If fish were found, that is
an unambiguous indication of the presence of fish. However, not finding fish is not an
unambiguous indication of their absence. Thus, for those stations where no fish were found, but
were bounded upstream and downstream by nearby stations on the same stream where fish were
found, fish were assumed to be present. Of the 15 Site stations and four regional background
stations included in the assessment, four Site stations and one regional background station were

assumed to include fish using this logic.

Table 4-17 presents the RBS and fish presence at the Site area stream stations. To help understand
the relationship between RBS and fish presence, also shown are surface water and sediment
selenium concentrations from the corresponding sampling events. The locations of the stream

stations evaluated are shown on Drawing 2-1.

Based on the 15 Site stations that were evaluated, the RBS ranged between 25 and 143. At the seven
stations where fish were found (three stations) or presumed to be present (four stations), the RBS
ranged between 52 and 143, and the RBS ranged from 25 to 56 for the eight stations where fish
were not found. The four regional background stations reported RBS that ranged between 7 and
151, and fish were found at two stations (RBS of 103 and 151) and presumed to be present at one
station (RBS of 139). With respect to the Site, fish were identified and higher RBS were obtained on
the Little Blackfoot River. The other Site drainage evaluated for the presence of fish was Lone Pine

Creek, with a lower RBS. No fish were found in Lone Pine Creek.

4.6.1.2 Riparian Habitat Assessment
Riparian habitat assessments, including evaluation of soil, vegetation, and species assemblages, were
conducted on the riparian areas of ponds, springs, and non-fish-bearing streams at the Site in 2004.

The sampling locations are presented on Drawing 2-1.
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The riparian habitat assessments were conducted in two parts: one for ponds and one for seep,
spring, and non-fish-bearing stream stations. The assessments were performed by a qualified
ornithologist and fisheries biologist. As no regulatory or standard protocol could be found to fit the
needs of this investigation, the ornithologist developed a detailed protocol. The stream habitat
assessment described above was performed in the same stream reaches. Details of the procedures
of both assessments, as well as the original presentation of the data, can be found in the Draf? -

Interim Phase I S1s Evalunation Summary.

The riparian assessment of each station began with a detailed observation of the area and then
habitat use was recorded. Habitat use was described as the presence or absence of a particular
assemblage of species, where each assemblage more or less represents a guild of species exploiting
the habitat of interest in a similar manner. A statistical and ranking analysis was performed to

classify the stations. For ponds, the rankings were as follows:

e Rankings #1 and 2 — high-quality riparian habitat
e Rankings #3 and 4 — low-quality riparian habitat
After the statistical analysis on the streams, it was determined that stations could be grouped into

four distinct categories:

e Ranking #1 — high-quality aquatic and terrestrial habitat

e Ranking #2 — high-quality aquatic, but low quality terrestrial habitat

e Ranking #3 — low-quality aquatic, but high quality terrestrial habitat

e Ranking #4 — low-quality aquatic and terrestrial habitat
As part of the assessment, in September 2004 riparian soil and vegetation samples were collected for
laboratory analysis. The resulting data matrices for ponds, springs, and streams at the Site are
presented together in Table 4-18. This table presents observed or potential species use, soil and

vegetation selenium concentrations, and habitat quality rankings.

As shown in Table 4-18, the majority of the riparian habitats were of low quality. Of 18 Site
stations and two regional background stations assessed, nine were in the top two quality ranking
categories. Soil selenium concentrations ranged from <0.5 to 45 mg/kg for all stations with the
highest concentrations reported in ponds (12 to 45 mg/kg). Soil selenium concentrations in the top
ranking (#1 and #2) for streams ranged from <0.5 to 4.3 mg/kg. Vegetation selenium

concentrations ranged from <0.5 to 65 mg/kg. Again the highest concentrations were reported
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from ponds (3.3 to 65 mg/kg). Vegetation selenium concentrations in the top two rankings for

streams were all <0.5 mg/kg.

Given the nature of these stream systems, interpreting ranking #3 and #4 as indicative of poor
quality habitat may be inaccurate. These rankings may be indicative of a limited amount of habitat
type present. Small streams simply do not generate much riparian habitat. Thus, the assessment of
riparian habitats does not point to any such habitats being of poor quality due to potential Site

impacts.

In addition to the 2004 assessment of ponds for riparian habitat discussed above, the IDEQ
(supported by other regulatory agencies and P4) conducted a FUI of Site ponds, which included
riparian habitat. The FUI established selenium action levels for the non-regulated surface water
features (i.e., the Site ponds). The results of the FUI are presented in Section 4.4.2 (Table 4-8)
along with the pond surface water data. Both assessments indicated that MSP014 was high quality
habitat, and MSP015 and MSP055 were lower quality. Both assessments gave MSP055 the lowest
possible ranking. Pond MSP016 was given the highest quality ranking by the FUI (Tier 1) and a
lower ranking in the P4 study (Table 4-18).

4.6.2 Aquatic Biota

Attempts to collect both fish and benthic macroinvertebrates were made in the limited aquatic

habitat present at the Site. These studies are summarized below.

4.6.21  Fish

Fish samples were collected from three Site and two regional background stream locations, all on the
Little Blackfoot River or tributary, in 2004 to evaluate impacts of Site contaminants on fish in area
streams. Forage fish were obtained from the stream stations; no salmonids were found. Samples of
fish tissue were analyzed for five constituents: cadmium, nickel, selenium, vanadium, and zinc.
Results of this investigation are included in the Draf? - Interim Phase I S1s Evaluation Summary. Table
4-19 presents the constituent concentrations found in forage fish in streams near the Site. The
concentrations of selenium ranged from <2.4 to 6.1 mg/kg. The highest selenium concentration
was detected at MST043 below the mine, which was the only constituent elevated in the fish sample
collected from this location. The highest zinc concentration (230 mg/kg) was reported at MST053.

Nickel (24 mg/kg) and vanadium (0.95 mg/kg) were the most elevated in background location
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MST254 (upstream tributary), while cadmium results were similar in both the Site and background

samples.

Attempts to locate fish at the other stream stations along Lone Pine Creek (e.g., MST054) as shown
on Table 4-17 were unsuccessful. This is likely the result of poor fish habitat at these stations due
to physical factors (such as ephemeral streams), but may also be the result of other, including

mining-related, factors.

4.6.2.2  Benthic Macroinvertebrates

This section presents the nature and extent of constituents in benthic macroinvertebrates at the Site.
Samples were collected from 17 Site stream locations and four regional background locations (near
Henry Site) during the 2004 sampling event to evaluate potential Site contaminant impacts on
benthic macroinvertebrates in the area streams. The benthic macroinvertebrates samples were

analyzed for selenium only, and the results of this monitoring event are presented in the Draft Interim

Phase I SIs Evalunation Summary MWH, 2007).

The selenium results for the 2004 benthic macroinvertebrate sampling event are presented in Table
4-20. Many of the benthic samples collected during 2004 have high MDLs as a result of low sample
volumes (i.e., low numbers of macroinvertebrates), which are probably due to insufficient habitat as
indicated by the stream habitat assessment and as a result of sample dilution in the laboratory. As
discussed in Section 2.3, several stations are located along intermittent streams that during most
years are completely dry by late summer so the numbers of macroinvertebrates would be expected

to be low.

Of the 17 Site results, 15 of the results are flagged as non-detect (<1.3 to <130 mg/kg). Station
MSTO057 reported a benthic macroinvertebrate selenium concentration of 6.2 mg/kg and MST276
reported a selenium concentration of 2.9 mg/kg. Both of these locations are located in the
headwater area of Lone Pine Creek and have elevated surface water and sediment selenium
concentrations as discussed in Sections 4.3 and 4.4. Regional background station, MST049, has a
benthic macroinvertebrate selenium concentration of 3.8 mg/kg dw; the remaining three

background stations are non-detect (<1.3 to <29 mg/kg).

4.6.3 Terrestrial Biota
A variety of biological-chemical data are available from the pre-2004 period. This includes the elk

tissue, bird egg, and cattle biotic tissue data. The results for the elk tissue and bird egg data are not
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unique to a particular mine. The cattle data were collected at Henry Mine. The Henry Mine cattle
study expanded on an existing study that was being conducted on reclaimed waste rock dumps at the
mine. The scope was expanded to include characterization of selenium concentrations in surface
soil and vegetation and also included steer blood and serum sampling. More detailed information on
cattle tissue, the elk tissue, and bird egg data is found in the DOUR/DAR and the RI/FS Work Plan.
These data, if useful, may support the human and ecological risk assessments summarized in Section

6.0. In addition, terrestrial biota data also are available for various small mammals and tetrrestrial

invertebrates (MWH, 2002b).
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5.0 CONTAMINANT FATE AND TRANSPORT

This section desctibes the fate and transport processes for the Site preliminary COCs/COECs’.

The three subsections and their content are listed below.

e Section 5.1 — potential pathways of contaminant transport for the various media.

e Section 5.2 — contaminant characteristics, fate and mobility in the environment.

e Section 5. 3 — Site-specific preliminary COCs/COECs migration in the environment.
This section utilizes the data collected during the RI to evaluate fate and transport within the

primary areas of identified contamination within and adjacent to the Site.

5.1 POTENTIAL PATHWAYS OF CONTAMINANT TRANSPORT

The objective of this section is to describe the physical and chemical transport pathways for each of
the primary media investigated at the Site. These pathways then are discussed in more detail in
Section 5.3 (Migration Assessment), which along with the contaminant characterization data
presented in Section 4.0 provides a comprehensive picture of the contamination at the Site that will

need to be addressed in the FS.

In addition, the transport pathways discussed herein are incorporated into the Site conceptual
models that address the overall contaminant release and migration to potential receptors, which are
presented in the BRA in Section 6.0 and Appendix A. The subsections below only discuss the
release mechanisms and physical routes of migration whereby contaminants may move away from
the source areas in a generally downgradient direction to their current limits and may potentially be
transferred to other media in the process. The final stage of migration, the uptake by the receptors,

is evaluated in the Henry BRA in Appendix A.

5.1.1 Upland Soil/Waste Rock and Vegetation Transport Pathways

Upland soil/waste rock and vegetation are generally static at the Site except where subjected to mass
movements or erosion. Contaminants associated with upland soil/waste rock can be taken up by
vegetation. The converse also is true, as once the plant dies it decays and is incorporated back into
the soil. Because of their close physical and cyclic association on the Site, they are considered

together in this section.

> COC/COEC(s) are generally synonymous with the generically used term contaminant(s) herein.
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5111 Upland Soil/Waste Rock Pathway

On the Site, upland soil/waste rock transport may refer to transport of the cover soil off of the
reclaimed mine areas, but rarely, soil transport also may refer to the direct transport of mine waste
rock or other types of contaminated soil like that used as road base. The term “soil” as used here

therefore captures a wide variety of loose geologic materials.

The soil transport pathway was characterized by sampling of the upland soil/waste rock as
presented in Section 4.1, which included the results of studies evaluating movement of contaminants
from the reclaimed mine waste rock dumps onto native ground. The most decisive of these studies
was the 2014 radiological investigation that demonstrated very little, if any, physical or chemical
transport of material or contaminants from the mine waste rock dump soil to the surrounding native
ground. A potentially more significant component of transport is channelization and transport of
soil as sediment in stream channels leading away from the Site with associated possible
contamination of the adjoining riparian soil. The distinction has been made here that once “soil” is
being transported by moving water in channels, it has become sediment, which is discussed in

Section 5.1.2 below.

Whete not being transported as sediment in channels, the physical transport of soil/waste rock from

potential source areas can occur via two general mechanisms:

e Mass Wasting®

e Erosion’
Visual evidence of mass wasting is not observed at the Site except in the unbackfilled mine pits
where it is contained within the mine pit and is largely inconsequential to contaminant transport.
Because of the regrading of the existing mine dumps and establishment of vegetation on the covered
surfaces, no unreclaimed, angle of repose, mine waste rock dump slopes are present in exterior areas
of the Site that would be more readily prone to mass wasting. Furthermore, the sampling studies
presented in Section 4.1, which evaluated the waste rock dump perimeters, support the visual

assessment that mass wasting is not a significant pathway at the Site.

¢ Mass wasting is a general term for “zhe dislodgement and downslope transport of soil and rock material under the direct application of
gravitational body stresses” (Bates and Jackson, 1987).

7 Erosion is the “general process or group of processes whereby the materials of the Earth’s crust are loosened, dissolved or worn away, and
simultaneonsly moved for one place to another, by natural processes, which included weathering, solution, corrosion, and transportation”
(Bates and Jackson, 1987).
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Erosion by water is more relevant at the Site. Erosion by water as direct precipitation and/or runoff
is the primary mechanism of soil erosion at the Site. The unchannelized overland transport of
soil/sediment by surface runoff is generally limited to short distances, if any, from the waste rock
dumps as supported by the upland soil/waste rock data presented in Section 4.1. In addition, the
majority of the waste rock source at the Site was placed as pit backfill and most of the external waste
rock dumps are located between the two ridges discussed in Section 2.1. Therefore, the areas where
mass wasting or overland sheet-flow water erosion potentially could transport soil/sediment off the
waste rock facilities mostly are limited to the southern portion of the Site in the headwater of Lone

Pine Creek and along the Little Blackfoot River in the northern portion of the Site (Drawing 2-1).

There is not significant evidence that wind erosion has any major role at the Site, nor would this be

expected due to the regraded and well-vegetated surfaces present at the Site.

51.1.2 Upland Vegetation Pathway

Plant uptake of preliminary COCs/COECs from soil is not a physical pathway for transport of
contaminants away from the Site. Plants are not harvested on the Site. The exception is potential
livestock or wildlife grazing uptake. These processes associated with livestock and other potential
exposure pathways to human and ecological receptors is further discussed in the overall Site

conceptual models in the BRA (Appendix A and Section 6.0).

For vegetation growing near, but off of the waste rock dumps, uptake of contaminants remains low
because soil contamination off the dumps is generally not present. A minor amount of
contaminated plant matter may be transported away from the Site as sediment similar to soil. This

matter is incorporated with the mineral matter and is evaluated as simply sediment (below).

5.1.2 Riparian Soil and Sediment Pathways

Downstream riparian soil and sediment locations were evaluated in association with most Site
surface water locations and drainages. At those locations where water movement is slow or
relatively stagnant in areas such as ponds, seeps and springs, contamination of the sediment and
adjoining riparian soil is likely to be through chemical processes (precipitation or absorption from
the water column). However, a pond also can act as a sediment trap for surface water carrying
contaminated sediment, which then can result in a physical accumulation of contaminated sediment
in the pond bottom. The mechanism for contamination associated with moving water can be the

physical transport of sediment or through chemical processes.
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Regardless of the mechanism, the processes of contamination of sediment and riparian soil are not
going to be significantly different at the Site other than riparian soil is likely to be more static.
Therefore, consistent with previous RI sections, these media are jointly considered here. The

processes of sediment and riparian soil contamination at the Site are presented below.

5.1.2.1 Riparian Soil and Sediment Chemical Pathway

Dissolved contaminants released from sources can be transported through the surface water and
groundwater systems and affect sediment and riparian soil. The surface water or groundwater may
interact with sediment and riparian soil, at seep and spring discharge locations or in ponds. Itis in
these locations where reduction-oxidation (redox) conditions may change due to aeration (e.g.,
seeps) or biotic reduction (e.g., stagnant ponds). Changes in redox conditions or pH may result in
enhanced contaminant precipitation or adsorption. These are attenuation processes that reduce the
dissolved aqueous concentrations of contaminants, but may therefore increase sediment
concentrations. These same chemical processes also may affect downstream sediment and riparian
soil in streams, but it is difficult to distinguish these chemical attenuation processes from the

physical transport and attenuation processes discussed below (without specialized studies).

51.2.2 Riparian Soil and Sediment Physical Pathway

The potential for physical off-mine contaminated sediment transport was limited by the
mining/environmental practices at the mine. Sediment retention basins or berms were placed below
the waste rock dumps, and these are still present below MWDO085, MWD087, MWDO088, and
MWDO090 (Drawing 5-1). The Enoch Valley haul road also functions as a sediment control feature
for the waste rock that was placed to the south and uphill of the road. In addition, the Site was
concurrently reclaimed during mining. Incrementally, as mining was completed, the associated
mine waste rock dumps were regraded to relatively low-angle slopes, cover material was placed, and
the mine dumps were seeded for revegetation. This practice greatly reduced the potential for erosive
surface water channel development and for the transport of large quantities of sediment in

stormwater that then leave the Site.

Only three small but notable erosional channels in the cover material have been observed: (1) the
north-central portion of MWDO088 (Drawing 5-1, Detail A), (2) on MWDO090, near the
northwestern end, west of the haul road (Drawing 5-1, Detail B1), and (3) on the eastern lobe of

MWDO090, both north and south of the haul road (Drawing 5-1, Details B2 and B3). While these

minor features are present, they have not been observed to contribute significant sediment to areas
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off the waste rock dumps. The sediment retention basins and berms provide some assurance that
the sediment from these features has not been transported downstream. In addition, in their current

state, based on vegetation in the features, the erosional channels do not appear recent.

While the chemical and physical pathways for sediment and riparian soil are complete at the Site,
they appear to be limited in their ability to transport contaminants off the Site. However, the
chemical pathway for sediment and riparian soil contamination is not similarly restricted. The
aqueous chemical pathway that could result in ongoing sediment and riparian soil contamination is

discussed below.

5.1.3 Surface Water Pathways
Transport of contaminants from potential source areas to Site stream systems occur via two

mechanisms:

e Stormwater runoff - overland runoff due to precipitation or snowmelt, which is ephemeral.

e Groundwater discharge to the ground surface via dump seeps, springs, or into the stream
bed and thereby into surface water, which can result in perennial stream flow.

5.1.3.1 Stormwater Runoff Pathway

Overland flow or shallow interflow that surfaces on the lower slopes of waste rock dumps can occur
during heavy rains or, more commonly, during the spring snowmelt. This can result in stormwater
runoff moving off the mine in small ephemeral surface water channels that adjoin the waste rock
dumps. Stormwater runoff is limited at the Site by the physical location of the mine pits and the
waste rock dumps between ridges and the sediment control basins. Higher flows are observed in the
spring, but concentrations of contaminants are not notably elevated in Site surface water during the
spring sampling events, suggesting that runoff is not a large contributor to sediment transport
(Section 4.4). The direct stormwater runoff pathway is marginally complete at the Site, but is not as
significant at the Henry Site as at some other phosphate mining Sites (e.g., the Ballard Site) because

of the reclamation practices that were utilized during closure of the mine.

If any contaminated overland flow leaves the Site, it is limited to the where the Little Blackfoot
River passes through the Site; the upper, western, portion of the Lone Pine Creek watershed; or to a
small tributary to Long Valley Creek on the west side of the Site (Drawing 2-1). However, as noted,

the sediment basins/berms mitigate the potential for stormwater runoff reaching the watershed.
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5.1.3.2 Groundwater Discharge to Surface Water Pathway

Another conceptual pathway for contaminants released from the mine is infiltration of precipitation
or snow melt through a waste rock dump and discharge to down slope stream channels as discussed
below. Contaminants dissolve from the waste rock into infiltrating precipitation and then are
transferred to surface water (1) via discharge of mine dump-derived “perched” groundwater from
seeps or (2) due to continued downward migration of precipitation through the waste rock dumps
and into shallow alluvial groundwater. This shallow groundwater then resurfaces downgradient as
springs or directly into the stream bed or pond, which are in contact with the groundwater. It
should be noted that in some cases there is a reversal in this pathway and surface water can affect
shallow groundwater. However, because the contaminated alluvial groundwater typically follows a
subsurface pathway that coincides with surface water channels, the distinction between cause and

effect is often not clear and may change by season.

Rainfall or snowmelt that infiltrates into the waste rock dump can percolate through the dump,
follow preferential flow pathways as groundwater, and exit the dump often at the margins as
seepage. Such seeps without a deeper groundwater source tend to be ephemeral and respond to the
timing and size of the snow melt or precipitation event. Seeps of this nature often are associated
with pootly reclaimed dumps where poor vegetative cover helps facilitate rapid infiltration and
percolation. Because the Site waste rock dumps are well graded and vegetated, this has reduced the
number and discharge volume of such seeps. However, dump seeps MDS016 and MDS034 at the
Site are short-term ephemeral seeps that appear to be dominated by perched groundwater flow

through the dump material originating from spring snow melt (see Section 2.3.2).

Seeps also may occur under different conditions, where waste rock dumps have been built directly
on pre-existing springs or existing drainage channels. In this case, often the bottom of these waste
rock dumps may have higher permeability; thus, when a waste rock dump is placed over a spring or
pre-existing stream channel, water is readily able to flow through the material and transport
contaminants through the waste rock to a discharge point, typically at the toe. Seep MDS022 below

MWDO090 appears to be such a seep.

The history of this seep is unknown, but it discharges from a “limestone drain”. Such a drain was
probably constructed during waste rock dump construction to channel water from an existing spring
or wet area from beneath the dump. This seep has perennial discharge characteristic of a

groundwater source (Section 2.3.2). In addition, spring MSG002 has perennial discharge and
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appears to have been a preexisting spring that now is affected by impacted groundwater as discussed

in Section 5.3.

5.1.4 Groundwater Pathways

The groundwater systems found at the Site are discussed in Section 2.6, and details of the general
groundwater flow systems typical of the P4 Sites are presented in the RI/FS Work Plan. This section
summarizes the relevant hydrogeologic configuration and pathways at the Site that affect

contaminant transport.

Groundwater is one of the primary transport media where elevated contaminants from the Site can
move towards off-site receptors. It is also the most complex and difficult to characterize with
multiple pathway variations that are not directly observable. The investigations during the RI
focused on pathways most likely to be affected by Site contamination in each groundwater flow
system (alluvial, Dinwoody Formation, and Wells Formation systems). This resulted in a phased
investigation of potential pathways and identification of those pathways requiring additional
investigation during the RI. All three of the primary groundwater flow systems are present and
relevant to the Site. The Dinwoody and Wells Formation groundwater flow systems are affected by

the underlying geologic structure including folding, fault and factures in the bedrock.

As a result of the geologic and topographic setting (presented in Sections 2.1 and 2.4) and the
placement of the mine pits and waste rock dumps, any contaminated alluvial groundwater flow is
directed primarily to the northwest or the southeast in the trough between ridges. This flow is
interrupted where there are breaks in the ridges that allow the shallow groundwater to flow toward
the Little Blackfoot River or Lone Pine Creek. Deeper groundwater flows generally along bedrock
bedding planes, primarily to the northwest toward the Henry Springs discharge area (refer to
Drawing 2-2). The details of the groundwater contaminant transport pathways for each of the flow

systems are presented in the following subsections.

5.1.4.1 Shallow Alluvial Groundwater System

The stratigraphy within the alluvial unit is relatively complex with interfingered lenses of materials
ranging from silts/clays to gravels that pinch out both vertically and horizontally. These layers often
have widely ranging hydraulic conductivities (as presented in Section 2.6). The bulk of contaminant
transport may occur in one or a few relatively thin higher permeability layers (e.g., sandy or gravelly

units). In addition, this same layering of sediment likely helps inhibit the vertical migration of
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potential contaminants by preferentially moving groundwater horizontally in high permeability layers

(while inhibiting the downward migration because of fine-grained lenses of silts and clays).

Since the shallow alluvial groundwater system often directly undetrlies the waste rock dumps, the
alluvial system is most likely to be impacted by seepage from the waste rock dumps, and in most
cases, provides the most direct link to potential receptors, whether it be through seep and spring
flow, discharge to nearby creeks, potential plant uptake, or through groundwater extraction for
livestock watering. Often the vertical permeability of the alluvial system is substantially lower than
the overlaying waste rock, which leads to some waste rock seepage being expressed as seeps at the
margin of a waste rock dump. Flow through the alluvial system also may pass to other groundwater
flow systems via vertical (i.e., downward) percolation, but as previously noted, vertical migration is

less favored due to lower vertical permeability.

At the Site, waste rock was placed over large areas of alluvial deposits in the swale between bedrock
ridges as discussed in Section 2.1 and 2.4, so this pathway is of primary importance at the Site.
Transport from open or backfilled mine pits to the alluvial system at the Site is not considered a

complete pathway.

Alluvial groundwater systems primarily exist in two locations at the Site: (1) Northern Alluvial Area
located on either side (north and south) of the Little Blackfoot River, where the river crosses
through the Site, and (2) the Southern Alluvial Area, located in the western headwater area of Lone
Pine Creek in the southeastern portion of the Site (Drawings 2-2 and 4-11). Only in these two areas
identified above, does the alluvial system daylight from beneath the waste rock. Flow direction and
gradient in these relatively thin alluvial flow systems follows the relatively flat topography of the area
toward the surface water features, notably the Little Blackfoot River and Lone Pine Creek. The

contaminant migration in the shallow aquifer is discussed in Section 5.3.4.1.

Shallow Groundwater Transport to Surface Water

This pathway is described in Section 5.1.3.2 (Groundwater Discharge to Surface Water Pathway)

above.

5.1.4.2 Dinwoody Formation Groundwater System
The Dinwoody Formation (discussed in Section 2.4) typically hosts either local or intermediate

groundwater flow systems. An intermediate system has the recharge area in one basin and the
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discharge area in the adjacent basin. The Dinwoody Formation at the Site has the potential to act as

both a local and intermediate flow system.

At the Site, the Dinwoody Formation flow system either undetlies the alluvial system beneath the
waste rock dumps (Section N-N’, Drawing 5-3), or directly underlies the waste rock in some areas

without significant intervening alluvial material (Drawing 2-2 and Section B-B’, Drawing 2-3).

It is possible that percolation through mine pit backfill could enter the Dinwoody Formation flow
system exposed in upper portions of a pit wall. In order for seepage from the bottoms of the mine
pits to flow to and recharge the Dinwoody Formation, it would have to flow across bedding through
the Phosphoria Formation and into the Dinwoody Formation. The Phosphoria Formation has a
low hydraulic conductivity perpendicular to bedding and is generally an aquitard; therefore, seepage
from water contained in the mine pits is unlikely to impact the Dinwoody Formation. This is not

considered a complete flow path.

Contaminated external waste rock dump seepage entering the Dinwoody Formation either directly
or from the alluvial system forms complete flow paths. Complete flow paths largely occur on the
northwest side of the Site, where flow along bedding may occur to the northwest (a local system), or
to the Henry Thrust Fault through the ridge to the northeast (an intermediate system). Flow toward
the Henry Thrust Fault would be along and across bedding because of folding. Therefore, the flow
path along bedding to the northwest appears to be a path of least resistance and the more likely flow

path.

5.1.43  Wells Formation Groundwater System

The Wells Formation generally is considered to host intermediate and/or regional groundwater flow
systems. The recharge areas for a regional flow system may be separated from the discharge areas
by several topographic highs and be overlain by both local and intermediate groundwater flow
systems. The Wells Formation outcrops to the southwest edge of the Henry Mine, adjacent to the
highwall that is common to all of the Henry mine pits. The ridge to the southwest of the Henry

Mine, which is underlain by Wells Formation (Drawing 2-2) is an area of known recharge to the

Wells Formation (Brooks, 1982).

Henry Springs, located just northwest of the Site, is the discharge area most likely to receive any
Wells Formation water affected by the Site (Drawings 2-1 and 2-2). Henry Springs are located at

the intersection of the normal Slug Valley Fault and the Henry Thrust Fault. These faults are
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affecting and focusing regional groundwater transport and discharge in the area, and Mayo (1982)
and Ralston, et al. (1983) have identified the Henry Springs area as a major location of discharge
from the regional Wells Formation aquifer. Furthermore, a major strike-slip fault with as much as
4,000 feet of lateral displacement is located just south of the South Henry mine pit (Drawing 2-2).
This fault, the Rasmussen Fault, is most likely a flow barrier that limits groundwater movement to
the south. In addition, antidotal evidence indicates that water levels in the Wells Formation in the
southern portion of the Henry Mine near the Rasmussen Fault are as much as 200 feet higher than

at MMWO011, as discussed in Section 2.6.2.2.

Thus, the Wells Formation at the Site is contained within a structural block bounded by the Henry
Thrust Fault on the east and north, the Slug Valley Fault on the west and the Rasmussen Fault on
the south (Drawing 2-2). The combination of these features and the orientation of the Wells
Formation bedding focuses the deeper Site groundwater flow to the northwest and towards Henry
Springs as illustrated in Drawing 2-2. This flow direction is supported by Site data, specifically the
piezometric levels in monitoring wells MMWO011, MMWO023, and at the Henry Springs (see Section
2.6.2.2).

Recharge of contaminant-affected water to the Wells Formation flow system could occur in either
open or backfilled mine pits, which would then flow towards Henry Springs. Any such affected

recharge initially would be restricted to the upper Wells Formation beds near the contact with the
overlaying Phosphoria Formation. In addition, as discussed in Section 5.3, other factors appear to

reduce the importance of this pathway.

5.1.4.4 Structural Flow System

The groundwater flow systems and pathways ate affected by faulting and/or local and regional
fracturing that can influence the local, intermediate, and regional flow systems, depending on how
extensive the structures are. Faults may act as flow barriers or conduits and, in some cases, may act
as both. For example, thrust faults typically have a low permeability gouge zone that acts as a flow
barrier; however, there may be significant fracturing adjacent to the actual fault that increases

permeability along the thrust fault.

The Rasmussen Fault, located south of the southern portion of the Henry Mine (Drawing 2-2), is a
large east-west trending lateral slip fault that displaces the bedrock units and offsets the surface
expression of the Wells Formation. This bounding feature is discussed above in association with the

Wells Formation.
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The Henry Thrust Fault on the northeast side of the Site (Drawing 2-2) is another relevant
structural feature. Flow along this feature would be to the northwest toward Henry Springs, and as
discussed above in association with the Wells Formation, apparently focuses bedrock groundwater

flow towards Henry Springs.

Within the Site, a potential east-west trending structure was considered. On the northern end of the
Henry Mine, between MMP041 and MMPO043, there is a gap in the ridge and an apparent deflection
in the geologic units. The Little Blackfoot River flows through this gap. There are no significant
faults mapped at this location, as suggested by both the gap and apparent deflection in the geologic
units. The potential presence of a structural feature such as a fault acting as a flow barrier or conduit
was discussed in MWH (2008). This was further evaluated by tracking the hydrologic responses of
MMWO011 and MMW023 installed in the Wells Formation on either side of the possible structure.
The results of this analysis are inconclusive. However, given the overall structural setting of the
Wells Formation in the Site, the presence of this potential fault would not be expected to have a
significant impact on the overall flow pattern given only a very slight apparent offset of the Wells

Formation.

Other minor faults have been mapped in the mine area cutting perpendicular to strike through the
Wells Formation and Meade Peak Member. These frequent faults show relatively minor
displacement, are narrow fractures, and are likely only present locally. Such small faults and
fractures contribute to the bulk hydrogeologic character of the bedrock unit and should be
characterized as a component of the overall hydrostratigraphic unit. None of the aforementioned
faults or suspected faults, which generally cut across the structural general trend of the Site, appear

to be complete flow paths.

The most significant structural feature in the Site area is the syncline that is located between the
mine and the Henry Thrust Fault and is associated with the fault (i.e., the fold formed along with the
thrust faulting). Synclines tend to have groundwater flow in the direction of the syncline axis. This
flow path then would be parallel to the mine in the southeast-northwest trend and has a pronounced
influence on groundwater flow in all the flow systems as discussed throughout this section. This
even includes the alluvial system because the syncline formed a trough that localized the deposition
of alluvium on the Site. The syncline is a significant flow path related to the structure of the Site,

but it is primarily addressed in association with the individual flow systems.

Remedial Investigation Report for the Henry Mine Page 5-11
October 2017



5.2 CONTAMINANT CHARACTERISTICS, FATE, AND MOBILITY

Chemical elements that originate at the Site are derived primarily from the waste rock associated
with the phosphate ore as discussed in Section 2.10. The specific contaminants that have been
detected and the media and locations where they are present are discussed in Section 4.0. The Site
contaminants are inorganic, existed in the environment prior to mining activities, and in most cases
are persistent in the environment. They do not decay or transform to other elements. However, the
Site contaminants may change their valence (charge) or bond with other elements, changing their
chemical properties and importantly changing bioavailability and/or toxicity. The exception to this
statement is the radionuclides (e.g., uranium), which through radioactive decay can become another

element with different chemical properties.

The process of changing chemical properties is observed where mining activities, in part, have
exposed waste rock with elevated inorganics to chemical and physical weathering processes thereby
increasing their mobility in the environment resulting in them becoming preliminary COCs/COEC:s.
Section 2.10 provides a discussion of the concentrations of the constituents in the unmined source
rocks of the Meade Peak Member of the Phosphoria Formation. It is noted there that
concentrations of many of the Site contaminants are naturally enriched in the mined rocks, so the
accelerated weathering processes due to mining thereby can result in elevated environmental

concentrations.

The fate and transport of inorganic elemental chemicals in the environment is a complex process
and is influenced by both physical and chemical weathering/transport processes. The transport and
attenuation processes include: advection; diffusion; dispetsion; adsorption/desorption; solubility;
transformation; and even volatilization. These processes are discussed in detail in the RI/FS Work
Plan. The relative influence or dominance of any of these individual transport mechanisms depends
on specific location conditions, the particular chemicals (contaminants), and the interaction of the

chemicals within each medium and among the various media that have been investigated at the Site.

Once contaminants are released and become mobile in the environment, attenuation is the primary
factor driving changes in inorganic contaminant concentrations that are mobile in any one medium,
because degradation and transformation into other compounds are not mechanisms commonly
associated with inorganic compounds, except for the radionuclides. For example, uranium-238, the
radioisotope that makes up 99% of natural uranium found in the Meade Peak Member of the

Phosphoria Formation, decays to radium-226, and to radon-222.
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Most commonly, attenuation of inorganic compounds in surface water and groundwater is due to
dispersion and dilution (physical processes), and adsorption and precipitation (chemical processes).
The physical processes generally affect all of the contaminants similatly. Dilution is mostly relevant
to the analyte releases to surface water at the Site, whereas, dispersion is more significant for
groundwater transport. However, dilution (e.g., from infiltrating precipitation) can also be a factor

in affecting concentrations of preliminary COCs/COECs in groundwater.

The chemical processes that affect individual contaminants are more “analyte specific.” At the Site,
the chemical processes may be first active within the source areas. For example, a compound
released in a near-surface oxidizing portion of a waste rock dump may precipitate near the bottom
of a waste rock dump if it encounters a reducing (oxygen deficient) environment within the dump.
This may be one explanation as to why the seep and spring discharges from some waste rock dumps

have noticeably lower or higher selenium concentrations when compared to others.

The formation of anoxic conditions may be a very relevant process at the Site, because much of the
waste rock has been placed as pit backfill or in swales and are covered with lower permeability
biologically active (oxygen consuming) vegetated soil. In these conditions, aeration of the waste
rock is very limited and initial mobilization of contaminants may be reduced. In addition, the
carbon-rich, geochemically-reduced nature of the Phosphoria Formation black shales in the waste
rock can dominate and foster the growth of anaerobic bacteria further immobilizing contaminants.
These potential attenuation processes are discussed in Section 2.10.2 along with the studies that

support them.

The chemical processes also influence the extent and rate of migration of contaminants once they
are released into the environment. This is most commonly observed in groundwater, but can also
be a factor in soil and surface water. For certain remedies, especially monitored natural attenuation
(MNA), a detailed evaluation of these processes may be needed to establish if they are occurring at

the Site. For this RI/FS, these studies are defetred to the FS and/or Remedial Design, if needed.

5.3 MIGRATION ASSESSMENTS

The migration of contaminants in the various media at the Site is addressed in this section. The
focus is on transport toward off-site areas, as intra-site transport is not a significant issue because of
the pervasive nature of the contaminants within the mine area. The exception is where groundwater

transport between hydrologic units is of interest. Biotic media, with the exception of vegetation, are
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not addressed, because site-specific data are sparse and these media are largely evaluated by

modeling within the BRA (Appendix A and Section 6.0).

Much of the migration discussion for sediment and water transport focuses on selenium. This is
because, with a few exceptions, selenium is the most studied and pervasive indicator of Site
contamination in media where migration is occurring. In media where transport is occurring,
concentrations of other preliminary COCs/COECs ate rare. However, if they are present, it can

be assumed that other potential contaminants will follow similar migration pathways.

5.3.1 Soil and Vegetation

As presented in Section 5.1.1, the physical migration or movement of contaminants by transport of
soil and vegetation downslope is not a significant contaminant migration pathway at the Site. The
unchannelized overland transport of soil by surface runoff is generally limited to short distances, if
any, away from the waste rock dumps as supported by the upland soil/waste rock data presented in
Section 4.1 (transect samples on and off the waste rock dumps and the radiological gamma survey).
In both studies results indicate that concentrations of constituents in soil and vegetation rapidly
decrease below background levels once off the waste rock dumps. The one exception is radiological
survey data that shows elevated gamma measurements along the haul road as it travels through
MWDO090 and heads to the east. These elevated measurements may be due to several root causes
including slag that could have been used on the haul road in the past, residual ore spilled from or
blown out of the haul trucks along the road, or mine waste rock that could have been used to

construct the road itself.

In addition, the majority of the waste rock generated during mining at the Site was placed back in
the pits as backfill and the external waste rock dumps are primarily found between the two ridges
discussed in Section 2.1. This configuration has substantially reduced any potential for movement

of soil away from the mine area.

The transfer of contaminants between these two relatively static media does not result in significant
contaminant movement (cyclic from soil to vegetation then back to soil after plant death).
However, once the soil and vegetation erode and become sediment in flowing surface water
channels there is a relevant transport and migration pathway. Sediment is discussed in the following

Section 5.3.2. In addition, because the contaminants are elevated in the Site soil and vegetation,
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transport in the form of uptake by biological receptors may occur. The potential uptake by human

and ecological receptors is addressed in the BRA (Appendix A) and as summarized in Section 6.0.
The primary conclusion for soil and vegetation is:

1. Elevated concentrations of contaminants above background levels in upland soil/waste rock
and vegetation are limited to the waste rock dumps with the possible exception of the haul

road in the southeast portion of the Site.

2. Soil and vegetation is not a significant migration pathway at the Site, except for potential

migration to biota (addressed by the BRA in Appendix A).

5.3.2 Sediment and Riparian Soil

The transport of sediment is largely limited to the mine area or proximal downstream areas because
of the reclamation and sediment control practices that were utilized at the Site. The flat land surface
gradient downstream of the waste rock dumps acts to further limit potential downstream sediment
transport because of low flow velocities in the often meandering stream channels. However, it is
noted that during the very brief exceptional high flow periods, any sediment that is physically
transported in surface water may be deposited on the banks in riparian areas and incorporated into

the riparian soil.

Transport of elevated contaminant concentrations in riparian soil and sediment away from the Site
appears to be indicated in two areas as noted in Section 4.3. These two areas are: (1) Lone Pine
Creek just downstream of the southern portion of the mine; and (2) near or on the Little Blackfoot
River where the river crosses through the mine. The elevated concentrations of contaminants in
riparian soil and sediment in these areas may: (1) have originated during the active mining operations
(erosion prior to closure); (2) be the result of adsorption of dissolved contaminants; (3) be associated
with an elevated background; or (4) be the result of ongoing sediment releases, which appears least
likely. The tributary to Long Valley Creek on the west side of the Site, which is the third watershed

associated with the Site, is not indicated as having been affected by mine sources.

Two branches of Lone Pine Creek near the mine area contain some elevated concentrations of
contaminants in riparian soil and sediment. The western-most of these, Strip Mine Creek, is first fed
by spring MSG002, and riparian soil at this location does not contain elevated concentrations of
contaminants (see Section 4.3 and Drawing 4-8). Dump seep MDS022 also feeds Strip Mine Creek,

and it contains a few elevated contaminant concentrations (approximately two to three times
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background) in riparian soil. Just downstream of these locations riparian soil contaminant
concentrations are slightly elevated above background levels at MST063 (generally about 2X or less
above background levels). Then further downstream at MST062, no concentrations exceed the
background levels. Furthermore, stations on Lone Pine Creek below the confluence with Strip Mine
Creek also do not exhibit riparian soil with elevated contaminant concentrations. Sediment exhibits
a similar pattern. Dump seep MDS022 contains a few slightly elevated concentrations in sediment
(e.g., selenium concentration of 1.9 mg/kg compared to background concentration of 1.48 mg/kg).
However, no sediment concentrations are elevated above background levels at either MST062 or
MST063 (MSG002 sediment has not been sampled). This suggests that Strip Mine Creek, which
could receive sediment and impacted water from both MWD086 and MWIDDO090, is affected by
elevated contaminants, but only slightly, relatively near the source, and mostly in riparian soil. Up to
a mile of Strip Mine Creek could have affected riparian soil with elevated contaminant
concentrations down to MST062, but given the slight exceedances near the source area, it is
probably a much shorter creek segment that is affected. The lack of sediment with elevated
concentrations in the stream suggests that the riparian soil impacts may be associated with a release
from the period of active mining. Where elevated concentrations are observed in the seep riparian
soil and sediment, it is possible that these result from precipitation or adsorption from the
discharging water, which is subjected to chemical changes when entering the surficial environment.

This is further discussed in the following section on surface water.

The elevated contaminant concentrations observed east of Strip Mine Creek on Lone Pine Creek are
confined to between waste rock dump MWID090, dump seep location MDS016, and stream location
MSTO057. The elevated concentrations occur in both sediment and riparian soil (Drawing 4-8). All
stations below MST057 on Lone Pine Creek have contaminant concentrations below background
levels. Because contaminant concentrations are very near background levels and a small marsh
exists at MST057 (i.e., a sediment sink [see photos Appendix C]), it is assumed that MST057 is the
limit of elevated concentration on this branch of Lone Pine Creek, which is approximately 2,000 feet

from the potential source.

In the case of the contaminants in riparian soil in a small tributary to the Little Blackfoot River
(MSTO052), and the nearby river (MST044), the elevated concentrations are coincident with the
outcrop/subcrop of Phosphortia Formation, but could also be the result of historic sediment

deposition (compare Drawings 2-2 and 4-7). Sediment was not sampled at MST052 and did not
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contain elevated concentrations at MST044. Downstream station MST043 on the Little Blackfoot
River had one slightly elevated concentration of selenium (1.7 mg/L compared to a background
level of 1.48 mg/L). It appears that any impact from the Site is very localized to riparian soil in the
area of Phosphoria Formation outcrop/subcrop with no indication of current sediment impacts.
However, with the next downstream station, MST043, more than a mile away, the extent of

potential contaminant migration is not well constrained.

The sediment and riparian soil associated with the Site ponds contained elevated concentrations of
contaminants (Drawings 4-7 and 4-8). In all cases, these ponds are located in mine waste rock
areas of, in the case of MSP055, in a mine pit. It is therefore expected that the riparian soil and
sediment in these locations would have concentrations of contaminants above background levels.
However, in none of these cases is it expected that sediment or riparian soil is migrating away from

the ponds. They are likely acting as physical and possibly chemical sinks for contaminants.
Conclusions associated with Site riparian soil and sediment are:

1. As discussed in Section 5.1.2, sediment control features and reclamation practices in place
during and after active mining have reduced the potential for impacts to riparian soil and

sediment.

2. There is no indication of significant current sediment flux off the Site, and any current
impacts to sediment and soil likely would be chemical in nature (e.g., precipitation or

sorption from the water column).

3. Elevated riparian soil concentrations are only indicated in stations immediately downstream
of Site sources, and sediment is generally less affected, suggesting that impacts may be old

and associated with the period of mining.

4. Site ponds have some of the highest contaminant concentrations in riparian soil and
sediment; however, this contamination is not migrating. The soil and sediment could act as

a source or sink for contaminants in pond water.

5.3.3 Surface Water
The transport of Site contaminants to surface water is primarily due to discharges from
contaminant-affected dump seeps and springs. These seeps and springs are located in the headwater

areas of drainages in the southern portion of the Site as discussed in Sections 2.3.2 and 4.4. Once
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discharged to surface water, the transport of any affected water is through common surface water
processes (advection, dilution, and attenuation). Surface water runoff during snowmelt or high-
intensity rainfall could briefly contribute some contaminant-affected overland surface water flow to
the streams originating on the Site. Because the Site has a weathered brown shale/soil cover, the
contaminants would be primarily derived from the cover material. However, any such affected
water would generally be contained behind sediment retention features as discussed in Section 5.1.3,
and concentrations have not been observed to increase during high flow periods at the Site. This is
in contrast to other mines such as the Ballard Site and much of the phosphate mining district where

elevated concentrations are observed during high flow periods.

The Little Blackfoot River receives flow from one significant tributary, Lone Pine Creek that, in
part, has its headwaters on the Site. Lone Pine Creek is discussed in Sections 2.3.1 and 4.4.4.
Through attenuation (e.g., dilution, sorption, or redox reactions), elevated concentrations of
contaminants do not make it to the Little Blackfoot River via Lone Pine Creek. The most
downstream affected station is MST057 (Drawing 4-10), similar to riparian soil (Section 5.4.2,
above). The next station below MST057 on Lone Pine Creek is MST056, and all COC/COEC
results at MSTO056 are below screening criteria, thereby delineating the downstream extent of
elevated COCs/COECs on Lone Pine Creek. Similarly, the tributaty to Long Valley creek on the

west side of the Site, which rarely contains water, is not identified as a significant pathway.

To assess potential effects on the Little Blackfoot River, either directly from the Site or from the Site
associated tributaries, the selenium concentrations in the Little Blackfoot River are considered and
plotted on Figures 4-10 and 4-11. Rare exceedances of screening criteria have been seen on the
Little Blackfoot River, primarily at MST044 (Drawing 4-9). Within the Site mine area, samples just
upstream of MST044, at dump seep MDS034 and ephemeral stream station MST280 have exceeded

screening criteria. However, these locations only flow briefly during the snow melt period.

Conclusions regarding migrating concentrations of preliminary COCs/COECs in flowing Site

surface water are:

1. Elevated contaminant concentrations are only observed in flowing surface water immediately

downstream of the Site as the result of seep and spring discharges.

2. In Lone Pine Creek, significantly elevated contaminant concentrations do not appear to

reach the Little Blackfoot River based on the extensive available data.
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3. The tributary to Long Valley Creek on the west side of the Site, which rarely contains any

water, does not contain surface water contamination.

4. Elevated concentrations that would indicate an effect from the Site via either direct sutrface
water discharge or groundwater discharge to surface water (e.g., dump seep MDS034) are

very rarely observed in the Little Blackfoot River.

Ponds are a class of surface water on the Site that are notably affected by elevated contaminant
concentrations. One of these ponds - MSP055 - is a terminal pond in an unbackfilled mine pit (see
Drawing 4-9 for location and contaminant concentrations). This pond is a Tier 3 pond without
significant aquatic or riparian habitat as discussed in Section 4.4.2. This pond receives runoff from
the surrounding mine pit during snowmelt and high-intensity rainfall. The infiltration rate to
groundwater appears to be very low, suggesting that the pond sits on the low-permeability Meade
Peak Formation. This is consistent with observations and the typical mining plan of the Henry
Mine. The pond appears to receive elevated contaminant concentrations from the mine pit runoff.
However, this is further enhanced by the effect of evapoconcentration and possibly contaminant
precipitant salts (e.g., Na,SeOy) that redissolve during each wetting cycle. Therefore, the

concentrations in the pond are not necessarily reflective of runoff concentrations.

Ponds MSP015 and MSP016, are Tier 2 and 1 ponds, respectively, indicating better aquatic and
riparian habitat (Section 4.4.2). However, neither pond discharges directly to surface water, and
both are appatently affected by interaction with groundwater and/or possible evapoconcentration

resulting in some elevated contaminant concentrations (selenium specifically).

Pond MSP014 is a Tier 1 pond with higher quality habitat and elevated selenium concentrations.
Given the configuration of the pond and observed concentrations in nearby shallow alluvial
monitoring well (MMWO010) and seeps/springs, it appears that MSP014 is affected primarily by
groundwater interaction. This pond is primarily considered a reflection of the shallow groundwater
system, which also appears to discharge at MSG002 and possibly stream station MST063. All these
surface water locations exhibit similar selenium concentrations (Section 4.4) generally between 0.01

and 0.1 mg/L.
Conclusions relating to the migration of concentrations of contaminants in Site ponds are:

1. There is no direct discharge to surface water from any of the ponds.
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2. Pond MSP055 has multiple elevated contaminant concentrations including arsenic,
cadmium, nickel, selenium, and zinc; the other ponds only contain elevated selenium

concentrations (Section 4.4.2).

3. MSPO055 appears to have minimal groundwater interaction, and therefore,
evapoconcentration may be a dominant factor in creating multiple elevated contaminant

concentrations in the pond when it contains water.

4. Ponds MSP015 and MSP016 likely reflect groundwater selenium concentrations with some

possible effects of evapoconcentration.

5. Pond MSP014 appears to reflect local groundwater selenium concentrations and associated

seep/springs concentrations.

5.3.4 Groundwater

The movement of contaminants from the Site into groundwater is evaluated in this section. Section
2.6 provides the physical characterization discussion of the Site groundwater systems, and Section
4.5 presents the nature and extent of groundwater contamination. As discussed in Section 4.5,
selenium is the most consistently elevated contaminant in groundwater that exceeds groundwater
screening criteria. Cadmium is the only other contaminant that sporadically exceeds its screening
criterion of 0.005 mg/L (i.e., in three events at MMWO010 by 10 to 25 percent). Arsenic, cobalt, and
thallium, are additional contaminants evaluated in Section 4.5 because of risk concerns. However,

similar to cadmium, their distribution is sporadic and they rarely exceed background levels.

5.34.1 Alluvial System

As discussed in Section 5.1, a large portion of the alluvial system is covered by waste rock in the
mine area. Only in two alluvial system areas can migration occur away from the mine into more
downgradient portions of the Site. Contaminant migration in these northern and southern alluvial

systems is discussed below.

Northern Alluvial System

The alluvial area north of the Little Blackfoot River was difficult to investigate and is not substantial
based on the thin alluvial deposits logged during the direct-push investigations, which resulted in
several dry holes or refusal due to bedrock. The portion of the alluvial flow system that occurs in
the basalt likely is a more significant pathway. The southeast portion of waste rock dump MWDO085

is adjacent to the basalt (Drawing 2-2). Therefore, seepage or infiltration from MWDO085 into the
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alluvium could flow downbhill, infiltrate the basalt and cause impacts to groundwater within the

basalt.

Monitoring well MMWO004 is located in the basalt between the Little Blackfoot River and the
potential waste rock sources. Screening criteria have not been exceeded in this monitoring well
(Drawing 4-11). It is therefore concluded that alluvial contaminant migration in the alluvial system

north of the Little Blackfoot River is not significant.

The Northern Alluvial System south of the Little Blackfoot River is more substantial. Refusal was
less common in direct-push borings. While basalt is mapped in the area, alluvial materials occurred
at the surface that contain groundwater. There is a clear topographic gradient from the mine area
towards the Little Blackfoot River, and alluvial groundwater flow in this complete flow path is
directed northerly toward the river and then to a more westerly direction, parallel to the river.
Selenium generally has not been detected (<0.006 mg/L) in the alluvial system between the river and
MWDO08S8 as presented in Section 4.5.2.1 and Drawing 4-11. The only measured selenium
concentration near the screening criterion was collected from a direct push borehole near the toe of

MWDO088 (BH059; 0.041 mg/L Se).

It also is notable that monitoring well MMWO019 has not exceeded the screening criteria for any
possible contaminant. This monitoring well appears to mostly capture shallow interflow coming
from the backfilled pit portion of the MWIDO088 area, as discussed in Section 2.6.2.2. However,
dump seep MDS034 to the east below the reclaimed waste rock dump, discharges seepage with
concentrations of selenium up to 0.14 mg/L. However, this dump seep only flows in the spring as
the result of spring snowmelt and runoff (Section 2.3.2) and is likely from perched groundwater

flowing from MWDO088.

Further upstream between ponds MSP015 and MSP016 and along the northeastern edge of the
waste rock, a direct push borehole sample was obtained with 0.13 mg/L selenium (BH063). Ponds
MSP015 and MSP016 also contain elevated concentrations of selenium up to 0.41 mg/L (Drawing
4-9). These ponds appear to be groundwater dominated and possibly enhanced by some

evapoconcentration, as discussed in the previous section on surface water.

To summarize, the extent of alluvial impacts in the Northern Alluvial Area are limited to the area
south of the Little Blackfoot River. Groundwater selenium concentrations beneath and along the

immediate edges of waste rock dump MWDO088 exceed screening criterion. No exceedances of
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other contaminants are seen in any of the locations discussed above. It appears that while elevated
selenium concentrations have been located beneath and along the edge of MMWDO088, elevated
concentrations are not migrating toward the Little Blackfoot River in any significant plumes. This
conclusion is supported by the assessment of selenium concentrations in the Little Blackfoot River
where it crosses through the Site as presented in Section 4.4.4.2, which showed no systematic
increase in selenium concentration between the stations immediately upstream and downstream of

the Site contaminant sources.

Southern Alluvial System

The dominant alluvial system in the southern portion of the Site runs along the swale between the
mine and the Dinwoody Formation ridge. This thin, narrow alluvial deposit, largely covered by
waste rock dump MWDO086, joins the Lone Pine Creek alluvium (Drawing 2-2). Waste rock dump
MWDO090 also overlies a portion of this alluvial system in the headwater area of Lone Pine Creek

(Drawing 5-3).

The flow path from MWDO086 and MWDO090 to the alluvial groundwater system is an obvious and
significant contaminant transport pathway that was extensively investigated (Drawing 4-12). The
groundwater flow direction is generally easterly then northerly following topography. Similar to
what is observed at MWDO088 in the northern alluvial area, concentrations beneath waste rock dump

MWDO086 are elevated.

Monitoring well MMWO010 was installed in the shallow alluvium within the footprint of waste dump
MWDO086. This monitoring well has been sampled since the fall of 2007 and total selenium has
ranged from <0.001 to 0.219 mg/L with the higher concentrations observed in the spring and lower
concentrations observed in the fall. This suggests that the spring runoff helps contribute
preliminary COCs to local groundwater. Similarly, pond MSP014, also present in this area, had an
average selenium concentration of 0.0737 mg/L in the spring of 2006, with lower concentrations in
the fall. Spring MSG002 and headwater stream location MST063, downstream of MSP014 and
MMWO010, also appear to be associated with the affected groundwater system and have had elevated
selenium concentrations up to 0.0181 mg/L (Drawing 4-10). Alluvium further downstream of
MMWO010 and waste rock dump (MWIDO086) has either been dry or reported lower selenium
concentrations (e.g., BH079 -<0.001 mg/L, BH073 - 0.003 mg/1I., BHO76 - <0.001 mg/L, BH077 -
<0.001 mg/L see Drawing 4-12 and Section 4.5.2).
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There are some indications of an unaffected upwelling groundwater source in the area below
MWDO086 and MWD090. MSG002 and nearby MIDS022 are perennial groundwater discharge
sources at the head of the Lone Pine Creek watershed (see Section 2.2.3 for discussion of discharge
characteristics). MSGO02 is not located beneath a waste rock dump, but likely it is picking up some
impacted groundwater because of its close proximity to the base of waste rock dumps MWDO086 and
MWDO090. The spring time water level in MMWO014 is within 1 to 2 feet of the ground surface. The
observations of perennial discharge and elevated water levels suggest that an upward hydrogeologic
gradient in the alluvium may be present in this area. This may explain why the alluvial groundwater
immediately downstream of MWDO086 are unaffected with no contaminant concentrations
exceeding screening criteria. Upwelling unaffected groundwater is directing dump and alluvial
groundwater to the surface at MST063 (seasonally) and MSGO002. The effect of this discharge on

surface water is discussed in the previous section.

The alluvial groundwater downgradient of the northwestern portion of MWDO090 is also unaffected
by contaminants as shown by MMWO014, MDS022, and BHO77. However, further to the southeast,
downgradient of the southeastern portion of waste rock dump MWDO090, the alluvial system is
slightly affected, below screening selenium criterion of 0.05 mg/L, by selenium concentrations that
range between 0.018 and 0.032 mg/L (see BH158, BH157 and BH167 on Drawing 4-12). Seepage
from waste dump MWDO090 could directly recharge the alluvial system and then flow as shallow
groundwater to the northeast into the upper reaches of Lone Pine Creek. In addition, dump seep
MDSO016, has had selenium concentrations up to 0.018 mg/L (Drawing 4-10). Groundwater
samples collected further downgradient at BH169 (0.0016 mg/L) are near the groundwater
background level. It appears that the alluvial groundwater below the southeastern portion of
MWDO090 is affected by concentrations of selenium, but below screening criterion of 0.05 mg/L.
Regardless of the degree of impact, the plume does not appear to extend more than about 1,000 feet
downgradient of the source. Given the relatively low concentrations, the limited extent versus the
time the source has been present, it appears likely that if plume expansion is occurring, it is very

slow. It is also possible that the plume is static with attenuation balancing any new input.

5.34.2 Dinwoody Formation
As discussed in Section 5.1.4.2, the waste rock dumps often are separated from the Dinwoody
Formation due to intervening alluvial material. Some transport through thin alluvial deposits to the

Dinwoody Formation is possible, but as noted previously, lateral transport is favored in the
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alluvium. There are other areas where some portion of the waste rock dumps are in direct contact

with (overlie) the Dinwoody Formation.

Portions of waste rock dumps MWDO085, MWDO086, and MWDO88 are in direct contact with the
Dinwoody Formation without significant intervening alluvial (or colluvial) material. A portion of
waste rock dump MWDO086 was reclaimed such that the surface was not graded to provide positive
drainage allowing rainwater or snowmelt to pool on the dump surface, infiltrate directly into the
waste rock dump, and potentially directly impact the Dinwoody Formation. Monitoring well
MMWO022 was installed in a “worst case” location to evaluate contaminant transport to the
Dinwoody Formation pathway (Drawings 2-2 and 2-3). Initially selenium concentrations averaged
approximately 0.02 mg/L, but after 2011 have increased to approximately 0.045 mg/L (see Section
4.5.2.2 and Figure 4-17). This is still below the screening criterion of 0.05 mg/L. However, it
suggests exceedances are possible. The increase in concentration at MMWO022 coincided with an
extremely heavy winter snow season and subsequent runoff/infiltration event as presented in

Section 2.6.2, Figure 2-4 and Table 2-9.

Flow in the Dinwoody Formation from MMWO022 could be towards the east (Henry Thrust Fault)
or to the northwest towards the Little Blackfoot River. The most likely flow path is along strike of
the Dinwoody Formation, parallel to the mine waste rock dumps, toward the Little Blackfoot River
(the topographically lowest area of Dinwoody Formation at the Site). This pathway was tested by
installing MMWO028 as illustrated on Drawing 5-4. The selenium concentrations in MMW028 have
remained at or below 0.01 mg/L, but also showed a slight spike after the 2010/2011 winter (see
Section 4.5.2.2 and Figure 4-18), which dropped back to normal levels by 2013. This suggests a
complete pathway from the Site, but that contaminant migration is attenuated and appears to be not

trending upward toward the screening criterion of 0.05 mg/L.

Because of the increased concentration in MMWO022, a question remained regarding transport
toward and along the Henry Thrust Fault. A spring survey was conducted in the area between
MMWO022 and the fault, and no springs were found. However, with the moderately low
concentrations observed in MMWO022 at the time, no further investigation was conducted along
what was considered a less likely flow path. Because of the folding associated with the thrust fault
and syncline, bedding, in part, is perpendicular to this flow direction. Therefore, transport seems
unlikely, and it is presumed that analogous to MMW 028, elevated selenium in that potential

transport direction also would be low.
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As discussed in Section 5.1.4.2, water can infiltrate the backfilled mine pits, which are west of and
hydrostratigraphically separated from the Dinwoody Formation by the upper Phosphoria
Formation. However, the low conductivity of the Phosphoria Formation reduces the potential of
this flow path. Two wells are located in this general flow path, MPW022 and MPW023, and neither
has ever had detected concentration of contaminants above screening criteria (Drawing 4-12).
However, these wells appear to be installed in the upper Phosphoria Formation between the mine

pits and the Dinwoody Formation.

5.3.43  Wells Formation

Currently, there are two groundwater monitoring wells installed within the Wells Formation at the
Site. Monitoring well MMWO11 is installed in the break in the ridge where the Little Blackfoot River
passes through the Site, and MMW023 is installed in the unbackfilled portion of the South Henry
mine pit MMP041 (Drawings 4-11 and 5-2). As discussed previously, the conceptual transport
model indicates flow to the northwest and toward the springs present near Henry and the Blackfoot
Reservoir. As discussed in Section 2.6.2.2, the apparent gradient between the two monitoring wells
indicates flow to the northwest helping to confirm this potential. Therefore, monitoring wells
MMWO011 and MMW023 are appropriately placed for monitoring possible Site impacts to
groundwater of the Wells Formation. As presented in Section 4.5.2, monitoring of these wells has
indicated relatively low concentrations of selenium from the Wells Formation (less than 0.005 mg/L

with one exception; Section 4.5.2, Figures 4-19 and 4-20).

The single exception was the spring of 2009 when a concentration of 0.017 mg/L was reported in
MMWO023 (still well below the selenium screening criterion of 0.05 mg/L). Similar to the winter of
2010/2011, the winter of 2008/2009 was a higher precipitation petiod (Table 2-9). This suggests a
very rapid response to a high precipitation period in the unbackfilled portion of MMP041. This
observation appears to validate the model in which the upper most beds of the Wells Formation are
in hydraulic communication with the mine pits. The high hydraulic conductivity of the Wells
Formation at the MMW023 location (2 x 10* cm/sec; Table 2-8) appears to result in a rapid
dissipation of the brief spring influx. Unfortunately, because monitoring was not conducted in the
spring of 2011, the response to the 2010/2011 winter snowmelt was not observed. This event had a

longer lasting response in other locations where it was observed (e.g., MMWO022).

The observation of low concentrations of contaminants in the Wells Formation, in spite of the

hydraulic connection, may suggest that selenium in the source areas (backfilled mine pits) is relatively
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immobile due to reducing conditions in the backfilled waste rock, or that selenium is being
attenuated along a flow path that experiences reducing conditions (i.e., in the Wells Formation
groundwater). It is highly likely that the response of increased selenium in MMWO023 is because of

uncovered Meade Peak Member waste rock in the partially backfilled open pit.

As discussed, the Henry Springs discharge at an elevation approximately 6,135 feet AMSL, or
approximately 25 feet lower than the water level in MMWO023 in the north Henry Mine pit. As such,
the Henry Springs are the most probable location of potentially COC-impacted groundwater from
the Site (Drawing 2-2). The springs and associated flow system were sampled and evaluated by
Mayo (1982) and Ralston, et al. (1983). Sampling for the major ions indicate that the water
discharging from the springs is a highly evolved calcium-carbonate water type discharging from the
Wells Formation. The sulfate content of the springs is low, averaging approximately 50 mg/L. The
water discharging from one of the springs was dated at 20,500 years old (Mayo, 1982). The flow
volume (> 4,000 gpm), chemistry, and age date indicate this is groundwater discharge from a large
portion of the Wells Formation (which represents a large area) and other regional aquifer
formations. The springs have not been sampled for COCs; however, given the high flow rate, the
highly evolved water quality, and age of the groundwater, it is likely that because of dilution, COCs
from the Site would not be detected. Nonetheless, a subset of the springs will be sampled in 2017

for COCs. Refer to Drawing 2-2 for the area where the Henry Springs are located.

5.3.4.4 Migration Summary in Site Groundwater Systems

Conclusions relating to the migration of contaminants in the Site groundwater systems are:

1. Groundwater selenium concentrations in the alluvial systems above screening criteria (State
of Idaho groundwater quality standard/MCL) are seen only beneath and along the edges of

the mine waste rock dumps.

2. Alluvial groundwater dominated ponds and some seeps and springs also have elevated
selenium concentrations and are a reflection of groundwater that may be present below the

mine waste rock dumps.

3. Contaminant transport in alluvial groundwater toward the Little Blackfoot River in the
northern alluvial area is not significant and is confined to near the waste rock dumps, and
this is corroborated by the lack of a consistent increase in selenium concentrations in the

Little Blackfoot River across the mine area.
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4. Alluvial groundwater transport of contaminants away from southeastern end of mine waste
rock dump MWDO090 is indicated, but at concentrations less than the screening criteria and

for no more than approximately 1,000 feet downgradient.

5. The conceptual model of contaminant transport into the Dinwoody Formation groundwater
on the northeastern edge of the Site appears to be validated, and concentrations in the unit
increase with increased winter precipitation and snowmelt. However, to date screening
criteria have not been exceeded in the unit with the exception of sulfate, which is not a COC
based on its screening criterion (i.e., secondary MCL) not being an ARAR. It is possible that
future selenium concentrations could exceed screening levels as the result of sequential or

closely spaced above average precipitation years.

6. The hydraulic connection between the mine pits in the Wells Formation groundwater has
been confirmed because of the response to increased runoff, but contaminant

concentrations in the Wells Formation are well below screening criteria.

7. No groundwater plumes of contaminants exceeding screening criteria are seen at the Site

beyond the edge of the mine waste rock dumps.
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6.0 BASELINE RISK ASSESSMENT SUMMARY

This section summarizes the results of the BRA performed for the Site, following the approved
methodologies outlined in the Human Health and Ecological Risk Assessment Work Plan (HHERA
WP) included as Appendix C of the RI/FS Work Plan. The approved HHERA WP did not make
provisions for a separate livestock evaluation; however, A/T comments on the Ballard Site BRA
(dated February 14, 2014) requested that potential hazards to livestock related to grazing on the P4
Sites be presented in a separate livestock risk assessment (LRA). Detailed descriptions of the
methods and assumptions used in the HHRA, ERA, and LRA for the Henry Site are presented in

Appendix A, along with associated risk and hazard calculations.
The potential risks presented in the BRA for the Site are as follows:

1. Receptor-specific human health risk and hazard estimates based on direct exposures to
chemicals and radionuclides in primary media: upland soil/waste rock, riparian soil, surface
water, groundwater, as well as indirect exposures to chemicals in secondary media, through
consumption of: culturally significant plants harvested from upland soil/waste rock, riparian
soil, and sediment; home-grown fruits and vegetables grown in upland soil/waste rock and
irrigated with groundwater; elk that graze on upland soil/waste rock and consume surface
water; cattle that graze on upland soil/waste rock and consume surface watet or

groundwater; and fish.

2. Receptor-specific ecological hazard estimates based on cumulative exposures to primary and

secondary media.

3. Receptor-specific livestock hazard estimates for beef cattle that graze on upland soil /waste

rock and consume surface watet.

The general approaches used in the HHRA, ERA, and LRA are briefly described in Sections 6.1, 6.2,
and 0.3, respectively, and the acceptable risk and hazard criteria are discussed in Section 6.4. Results
of the HHRA are summarized in Section 6.5, results of the ERA are summarized in Section 6.6, and
results of the LRA are summarized in Section 6.7. Section 6.8 presents the conservative
assumptions used in the HHRA, ERA, and LRA and an uncertainty analysis discussion. The
HHRA, ERA, and LRA findings and conclusions are presented in Section 6.9.
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6.1 HUMAN HEALTH RISK ASSESSMENT

Consistent with the current and potential future land uses described in Appendix A, the current and

future human receptors evaluated in the HHRA for the Site include:

e Current/Future Native American

e Hypothetical future resident

e Current/Future seasonal rancher

e Current/Future recreational hunter

e Current/Future recreational camper/hiker

e Current/Future recreational fisher
Risks to hypothetical future workers are not evaluated quantitatively; rather, they are semi-
quantitatively evaluated by comparison of anticipated exposures for hypothetical future workers to

exposures for other receptors that are quantitatively evaluated.

As described in the HHERA WP, all detected constituents in each medium are considered for
evaluation in the risk calculations. However, only constituents with concentrations that exceed
screening levels are identified as constituents of potential concern (COPCs) and are evaluated
further in successive Tier I and II HHRAs. In addition to calculating risk estimates based on Site
data, the Tier I and Tier II HHRA methods are used to calculate risk estimates based on the
background data for each medium described in the A/T-approved Background Levels Tech Memo and
Radiological/ Background Report. For each receptor evaluated, incremental lifetime cancer risks
(ILCRs), defined as the incremental increase in cancer risk above the incidence of cancer in the
general population, and noncancer hazard quotients (HQs), defined as the ratio of exposure to a
noncarcinogenic constituent and the exposure level for that constituent at which no adverse effects
are expected, are calculated for individual chemicals. Subsequently, cumulative ILCR and
cumulative HQs, or hazard indices (HIs), are calculated for all chemicals over all applicable exposure

media.

The Tier I HHRA, also referred to as the “screening HHRA,” quantitatively evaluates the cancer
risk and noncancer hazard estimates for the (1) Native American, (2) hypothetical future resident,
and (3) seasonal rancher scenarios using default reasonable maximum exposure (RME) assumptions
and maximum detected concentrations of COPCs in Site and background media. Details of the Tier

I HHRA, including the basis of the upper bound RME exposure estimates, are provided in

Remedial Investigation Report for the Henry Mine Page 6-2
October 2017



Appendix A. These three human exposure scenarios cover all relevant abiotic and biotic exposure
pathways; therefore, carcinogenic risk and noncarcinogenic hazard estimates for these receptors are
assumed to be protective of the other human receptors evaluated in this HHRA (refer to Figure

6-1).

The Tier I HHRA, also referred to as the “baseline HHRA,” quantitatively evaluates the
carcinogenic risk and noncarcinogenic hazard estimates for all six human receptors listed above.

The Tier I HHRA evaluates the upper-bound average exposure point concentrations (EPCs) (i.e.,
the ProUCL recommended upper confidence limit [UCL] on the mean concentration, or the
maximum detected concentration for datasets with insufficient sample size for statistical analysis) for
Site and background data using both RME and central tendency exposure (CTE) assumptions. As
detailed in Appendix A, CTE exposure assumptions are based on average, rather than upper bound,
estimates of exposure. Use of both RME and CTE assumptions in the Tier II HHRA results in a
range of carcinogenic risk and noncarcinogenic hazard estimates to assist risk managers in making
informed risk management decisions for the Site. Only RME-based results are presented in Section

6.5, below. The full set of risk results is presented in Appendix A.

The Tier I HHRA also includes the calculation of RME-based incremental ILCR and HQ
estimates, defined as the COPC-specific difference between the ILCR and HQ estimates for the Site
and the ILCR and HQ estimates for background sample locations. COPC-specific incremental
ILCR and incremental HQ estimates are summed to cumulative incremental ILCRs and incremental
HIs for each medium and receptor. All medium-specific HI estimates exceeding the hazard
criterion of 1, as described in Section 6.4, include one or more COPC-specific HQs greater than 1.
Therefore, calculation of target organ-specific HI estimates was not necessary to identify risk drivers

for any media.

6.2 ECOLOGICAL RISK ASSESSMENT

The ERA evaluates potential exposures and risks to terrestrial and aquatic plant communities, soil
invertebrate communities, benthic communities, amphibians and fish, and upper trophic level (i.e.,
bird and mammal) populations. There are distinct plant communities present at the Site as a result
of variations in elevation, moisture, temperature, soil type, slope, and aspect. A 2009 vegetation
survey and sampling event at the Site identified the dominant plant species to be comprised of

sagebrush/grassland communities, with some aspen/conifer communities and riparian and wetland
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areas adjacent to ponds, seeps, and streams (see Appendix A2 of the RI/FS Work Plan). Site sutface
water bodies provide drinking water for terrestrial wildlife and support a variety of aquatic and
benthic invertebrate species, and likely support larval amphibian life stages. The Little Blackfoot
River, which crosses through the northern portion of the Site, supports fish. Information regarding
the potential for sensitive species to occur at the Site was obtained from the USFWS. The Canada
lynx (Lynx canadensis) is the only threatened or endangered species with the potential to occur at the

Site. To date, no sightings of Canada lynx have been observed by, or reported to, P4.

An evaluation of all receptors inhabiting a given ecosystem is not plausible and, therefore,
representative species were selected as indicator receptors in order to focus the ERA analysis. The
indicator receptors quantitatively evaluated in the ERA are: amphibians and fish, long-tailed vole
(Microtus longicandus), elk (Cervus elaphus), American goldfinch (Spinus tristis), deer mouse (Peromyscus
maniculatus), raccoon (Procyon lotor), American robin (Turdus migratorins), mallard (Anas platyrbynchos),
mink (Mustela vison), coyote (Canis latrans), great blue heron (Ardea herodias), and northern harrier
(Cireus cyanens). The conceptual site model (CSM) for ecological receptors at the Site is shown in
Figure 6-2. Hazards to special status species (i.e., migratory birds and threatened or endangered
species) are evaluated at the organismal scale through use of relevant no-observed-adverse-effect-
level-based (NOAEL-based) toxicity reference values (TRVs) associated with physiological functions
such as growth and reproduction. Hazards to populations of ecological receptors are evaluated

through the use of lowest-observed-adverse-effects-level-based (LOAEL-based) TRVs.

All detected constituents in each medium are considered for evaluation in the risk calculations.
However, only constituents with concentrations that exceed ecological screening criteria are
identified as constituents of potential ecological concern (COPECs) and are evaluated further in
successive Tier I and Tier II ERAs. The ERA considered two ecological effects levels: the
TRVxoazr, the concentration below which no adverse effects to individual receptors is anticipated,
and the TRVioanr, the concentration below which significant adverse effects to populations are
unlikely. In the Tier I ERA, also referred to as the screening ERA, hazard estimates are based on
maximum detected concentrations and TRVxoarr effects levels as detailed in Appendix A. In the
Tier 11, ot baseline ERA, hazard estimates are based on the ProUCL-recommended UCL on the
mean concentration, or the maximum concentration for datasets of insufficient sample size for
statistical analysis, and both TRVxoagr. and TRVioarr effects levels to characterize the range of

potential adverse effects.
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In addition to Site data, the Tier I and Tier II ERA methods are used to evaluate background sample
results. Background ecological hazard estimates are compared to Site ecological hazard estimates
quantitatively, but incremental hazards are not calculated. The Tier II ERA results in Section 6.6
include TRVxoarr-based hazard estimates only. Refer to Appendix A for all ecological hazard

estimates.

6.3 LIVESTOCK RISK ASSESSMENT

The LRA describes the methods used in, and results of, an evaluation of the potential hazards that
selenium and other contaminants pose to livestock. Currently, there is no state or federal guidance
for conducting predictive risk assessments for livestock. Therefore, ERA procedures used by
USEPA under CERCLA (USEPA, 1997) are used to quantitatively evaluate potential risks to

livestock.

The primary livestock species grazing on reclaimed mine sites in the Phosphate Resource Area are
beef cattle and sheep. Due to the uncertainty in modeling uptake and effects to specific livestock
animals, it is assumed that one livestock indicator receptor would be sufficient to quantify potential
hazards to all livestock species. Sheep have a dietary preference for forbs that may include selenium
hyperaccumulator species, and therefore toxic episodes involving sheep have occurred more
frequently during authorized and unauthorized grazing at the reclaimed mine sites than incidents
involving cattle. Beef cattle are more sensitive to selenium toxicity than sheep, but cattle have a

preference for grasses over forbs.

Beef cattle grazing on State and Federal lands are a beneficial use of these lands. The P4 Sites are
particulatly attractive for cattle grazing due to the grass mixtures that are used for re-vegetation
during post-mining reclamation. Reclaimed portions of the Henry Site are currently used for
grazing. Based on current and anticipated future beef cattle grazing uses of the reclaimed P4 Sites,
and the fact that horses do not graze on the P4 Sites, beef cattle (Bos zaurus) were selected as the

indicator receptor for livestock in the Ballard and Henry Site LRAs.

The CSM for beef cattle at the Site is depicted in Figure 6-3. Complete exposure pathways between
beef cattle and contaminated media at the Site include incidental ingestion of upland soil/waste rock

and consumption of upland vegetation and surface water.

Similar to the ERA, the LRA is structured in a tiered manner, with the first tier utilizing maximum

concentrations and TRVyoagr toxicity assumptions, and the second tier utilizing upper bound

Remedial Investigation Report for the Henry Mine Page 6-5
October 2017



average concentrations and both TRVioarr. and TRVyoarr toxicity assumptions. Because livestock
screening criteria have not been developed, the list of constituents evaluated as livestock chemicals
of potential concern (LCOPCs) is equivalent to the list of COPECs used in the ERA. Due to the
paucity of published toxicity information for livestock, the LRA also utilized TRV for ecological
receptors. Only the TRVnoaer-based hazard estimates are presented in Section 6.7. Refer to

Appendix A for all livestock hazard estimates.

6.4 ACCEPTABLE RISKS

USEPA currently considers sites with a cumulative human health carcinogenic risk estimate between
1x10°and 1 x 10, and a noncarcinogenic HI of less than 1, to be appropriate for conditional
closure (USEPA, 1991). IDEQ selected a single value to facilitate risk management decisions, and
considers a cumulative carcinogenic risk of 1 x 10” and noncarcinogenic HI of 1 as the point of
departure for making risk management decisions concerning a site IDEQ, 2004c). Chemicals and
pathways for which the carcinogenic risk and/or noncarcinogenic HI estimates exceed these IDEQ
and USEPA risk and hazard criteria in the Tier I HHRA are further evaluated in the Tier I HHRA
as discussed in Section 6.1. Chemicals and pathways for which acceptable risk criteria are exceeded
in the Tier I HHRA will be proposed for: (1) additional data collection to revise the conceptual
exposure model and provide more realistic exposure and risk estimates, or (2) evaluation of remedial

alternatives in the FS.

Chemical-specific ecological HQ estimates are generally interpreted as follows:

e A NOAEL-based HQ less than 1 indicates that potential adverse effects are not likely.

e A NOAEL-based HQ greater than 1 and a LOAEL-based HQ less than 1 indicates that
potential adverse effects may occur to individuals.

e A LOAEL-based HQ greater than 1 indicates that adverse effects may occur to populations
of ecological receptors.

Note that acceptable risk levels for livestock have not been established. However, for this risk

assessment, the HQ) criterion for ecological receptors is applied to the evaluation of beef cattle.

As with the tiered HHRA, chemicals for which the NOAEL-based HQ exceed 1 are further
evaluated in the Tier II ERA or Tier II LRA. Chemicals for which the NOAEL-based HQ exceed 1
in the Tier II ERA or LRA will be proposed for further refinement and assessment, or evaluation of

remedial alternatives in the FS.
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6.5 SUMMARY OF HUMAN HEALTH RISK ESTIMATES

COPCs evaluated in the HHRA are presented in Table 6-1. Tier I and Tier II RME human health
risk estimates for Site and background data associated with those COPCs are summarized in this
section. Tier II CTE risk estimates are presented in Appendix A, and detailed risk estimate

calculations for are presented in Attachments B through D of Appendix A.

6.5.1 Tier | Risk Estimates

Tier I risk estimates for the three human receptors with the highest potential exposure to
environmental media at the Site and background locations are summarized below and in Table 6-2
through Table 6-7. Chemicals with risk and hazard estimates exceeding the acceptable risk criteria

described in Section 6.4 are identified as Tier I COPCs for further evaluation in the Tier I HHRA,

and are listed by receptor and media in the following subsections.

6.5.1.1  Current/Future Native American

Cumulative Tier I RME ILCR and noncancer HI estimates for a current/future Native American
across all exposure media at the Site are 4 x 107 and 101, respectively (Table 6-2). Cumulative Tier
I RME ILCR and noncancer HI estimates for a current/future Native American across all exposure

media at background sample locations are 3 x 10” and 163, respectively (Table 6-3).

Based on the Tier I HHRA results, upland soil/waste rock, tipatian soil, surface water, culturally
significant plants grown in upland and riparian soil and aquatic environments, and fish exposed to
surface water and sediment are further evaluated in a Tier Il HHRA for the current/future Native
American. No excess risk or hazard is associated with consumption of elk; therefore, this pathway is

not carried forward to the Tier Il HHRA for the current/future Native American.

6.5.1.2 Hypothetical Future Resident

Cumulative Tier I RME ILCR and noncancer HI estimates for a hypothetical future resident across
all exposure media at the Site are 7 x 10” and 348, respectively (Table 6-4). Cumulative ILCR and

noncancer HI estimates for a hypothetical future resident across all exposure media at background

sample locations are 6 x 107 and 157, respectively (Table 6-5).

Based on the Tier I HHRA results, upland soil/waste rock, fruits and vegetables irrigated with
groundwater and harvested from upland soil/waste rock, groundwater, fish exposed to surface water
and sediment, and indoor air are further evaluated in a Tier I HHRA for the hypothetical future

resident. No excess risk or hazard is associated with exposure to riparian soil or surface water;
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therefore, these pathways are not carried forward to the Tier I HHRA for the hypothetical future

resident.

6.5.1.3  Current/Future Seasonal Rancher

Cumulative Tier I RME ILCR and noncancer HI estimates for a current/future seasonal rancher
across all exposure media at the Site are 2 x 107 and 16, respectively (Table 6-6). Cumulative Tier I
RME ILCR and noncancer HI estimates for a current/future seasonal rancher across all exposure

media at background sample locations are 1 x 107 and 9, respectively (Table 6-7).

Based on the Tier I HHRA results, upland soil/waste rock, cattle grazed on upland soil/waste rock
with surface water and groundwater as a water source, and groundwater are further evaluated in a

Tier II HHRA for the current/future seasonal rancher.

6.5.2 Tier Il RME Risk Estimates

Constituents associated with excess risk or hazard in the Tier I HHRA are indicated in Table 6-8.
Tier I RME risk estimates for human health receptors exposed to environmental media at the Site
and background locations are described below and summarized in Tables 6-9 through 6-14. As
stated in Section 6.4, risk and hazard estimates less than IDEQ and USEPA acceptable cancer risk
and noncancer hazard criteria of 1 x 10° (the lower end of the USEPA’s risk management range)
and 1, respectively, are considered acceptable. Constituents with Tier II RME risk and hazard
estimates exceeding these criteria are identified as risk drivers (preliminary COCs) for further
evaluation in this RI Report, as discussed in Section 4.0, and are listed by receptor and media in the
following subsections. The summaries below provide brief descriptions of the total, background,
and incremental risk estimates, with emphasis on the incremental risk estimates, which represent
potential risks attributable to the Site. As described in Section 6.1, incremental risk and hazard
estimates are calculated as the chemical-specific difference between Site and background risk and
hazard estimates, and are summed to a cumulative incremental risk and hazard. Chemical- and
medium-specific risk and hazard estimates for each receptor are presented in the referenced tables.
Complete details for Tier II RME Site, background, and incremental risks are provided in Appendix
A.

6.5.2.1 Current/Future Native American
Cumulative Tier IT RME ILCR and noncancer HI estimates for a current/future Native American

across all exposure media at the Site are 1 x 10” and 44, respectively (Table 6-9). Tier II RME
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ILCR and noncancer HI estimates for a current/future Native American across all exposure media

at background sample locations are 1 x 107 and 139, respectively (Table 6-9).

Cumulative incremental Tier I RME ILCR and noncancer HI estimates for a current/future Native
American across all exposure media at the Site are 6 x 10 and 26, respectively (Table 6-9). The
ILCR associated with metals is 2 x 10™; this cumulative incremental Tier II RME ILCR is associated
with arsenic exposutes in upland soil/waste rock, surface water, and culturally significant plants
harvested from aquatic environments. The cancer risk associated with radionuclides is 4 x 10%; this
cumulative incremental Tier II RME ILCR is associated with radium-226 and decay product
exposures in upland soil/waste rock, culturally significant plants harvested from upland soil/waste
rock and aquatic environments, and fish. The cumulative incremental Tier II RME HI for the
current/future Native American is attributable to the following exposure pathways and preliminary
COC:s: culturally significant plants harvested from upland soil/waste rock (selenium); culturally
significant plants harvested from riparian soil (selenium and vanadium); and culturally significant

plants harvested from aquatic environments (cadmium, selenium, uranium, and zinc).

6.5.2.2 Hypothetical Future Resident

Cumulative Tier II RME ILCR and noncancer HI estimates for a hypothetical future resident across
all exposure media at the Site are 4 x 10” and 97, respectively (Table 6-10). Cumulative Tier 11
RME ILCR and noncancer HI estimates for a hypothetical future resident across all exposure media

at background sample locations are 2 x 10 and 126, respectively (Table 6-10).

Cumulative incremental Tier II RME ILCR and noncancer HI estimates for a hypothetical future
resident across all exposure media at the Site are 2 x 10” and 69, respectively (Table 6-10). The Tier
II RME ILCR associated with metals is 1 x 107; this cumulative incremental Tier II RME is
associated with arsenic exposutes in upland soil/waste rock, fruits and vegetables irrigated with
groundwater and harvested from upland soil/waste rock, and groundwater. The cancer risk
associated with radionuclides is 2 x 10% this cumulative incremental Tier I RME ILCR is associated
with radium-226 and decay product exposures in upland soil/waste rock and fruits and vegetables
hatvested from upland soil/waste rock; and radon-222 in indoor ait. The cumulative incremental
Tier II RME HI for a hypothetical future resident is attributable to the following exposure pathways
and preliminary COCs: fruits and vegetables irrigated with groundwater and harvested from upland
soil/rock (atsenic, cadmium, molybdenum, selenium, and thallium); and groundwater (cobalt and

thallium).
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6.5.2.3  Current/Future Seasonal Rancher

Cumulative Tier II RME ILCR and noncancer HI estimates for a current/future seasonal rancher
across all exposure media at the Site are 5 x 10* and 7, respectively (Table 6-11). Cumulative Tier II
RME ILCR and noncancer HI estimates for a current/future seasonal rancher across all exposute

media at background sample locations are 2 x 10 and 3, respectively (Table 6-11).

Cumulative incremental Tier II RME ILCR and noncancer HI estimates for a current/future
seasonal rancher across all exposure media at the Site are 3 x 10* and 4, respectively (Table 6-11).
The Tier II RME ILCR associated with metals is 5 x 107; this cumulative incremental Tier II RME
ILCR is associated with atsenic in upland soil/waste rock, cattle that have grazed on upland
soil/waste rock and ingested surface water or groundwater, and groundwater. The cancer risk
associated with radionuclides is 3 x 10*; this cumulative incremental Tier I RME ILCR is associated
with radium-226 and decay product exposures in upland soil/waste rock and cattle that have grazed
on upland soil/waste rock. The cumulative incremental Tier II RME HI for the current/future
seasonal rancher is attributable to cattle that have grazed on upland soil/waste rock and ingested

surface water or groundwater (thallium).

6.5.2.4  Current/Future Recreational Hunter

Cumulative Tier II RME ILCR and noncancer HI estimates for a current/future recreational hunter
across all exposure media at the Site are 1 x 10 and 0.04, respectively (Table 6-12). Cumulative
Tier IT RME ILCR and noncancer HI estimates for a current/future recreational hunter across all

exposure media at background sampling locations are 4 x 10~ and 0.01, respectively (Table 6-12).

Cumulative incremental Tier II RME ILCR and noncancer HI estimates for a current/future
recreational hunter across all exposure media at the Site are 6 x 10” and 0.02, respectively (Table 6-
12). The Tier Il RME ILCR associated with metals is 5 x 107, which is below IDEQ’s and USEPA’s
acceptable risk criteria. ‘The cancer risk associated with radionuclides is 6 x 107; this cumulative
incremental Tier II RME ILCR is associated with radium-226 and decay product exposures in
upland soil/waste rock. The Tier I RME HI is below IDEQ’s and USEPA’s acceptable hazard

criteria.

6.5.2.5 Current/Future Recreational Camper/Hiker
Cumulative Tier IT RME IL.CR and noncancer HI estimates for a current/future recreational
camper/hiker across all exposure media at the Site are 6 x 10~ and 0.02, respectively (Table 6-13).

Cumulative Tier IT RME IL.CR and noncancer HI estimates for a current/future recreational
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campet/hiker actross all exposure media at background sampling locations are 2 x 10” and 0.01,

respectively (Table 6-13).

Cumulative incremental Tier II RME ILCR and noncancer HI estimates for a current/future
recreational camper/hiker across all exposure media at the Site are 4 x 10 and 0.01, respectively
(Table 6-13). The Tier Il RME ILCR associated with metals is 8 x 107, which does not exceed
IDEQ’s and USEPA’s acceptable risk criteria. The cancer risk associated with radionuclides is 4 x
107; this cumulative incremental Tier II RME ILCR is associated with radium-226 and decay
product exposures in upland soil/waste rock. The Tier I RME HI is below IDEQ’s and USEPA’s

acceptable hazard criteria.

6.5.2.6  Current/Future Recreational Fisher

Cumulative Tier IT RME ILCR and noncancer HI estimates for a current/future recreational fisher
across all exposure media at the Site are 3 x 10” and 12, respectively (Table 6-14). Cumulative Tier
II RME ILCR and noncancer HI estimates for a current/future recreational fisher across all

exposure media at background sampling locations are 3 x 10~ and 83, respectively (Table 6-14).

Cumulative incremental Tier II RME ILCR and noncancer HI estimates for a current/future
recreational fisher across all exposure media at the Site are 6 x 107 and 0.003, respectively (Table 6-
14). The Tier II RME ILCR is associated with metals only, as the risk associated with radium-226
exposure for the recreational fisher is de minimus in the Tier I HHRA, and therefore not evaluated
in the Tier I HHRA. These ILLCR and hazard estimates do not exceed IDEQ’s and USEPA’s

acceptable risk and hazard criteria.

6.6 SUMMARY OF ECOLOGICAL HAZARD ESTIMATES

Constituents evaluated in the ERA are presented in Table 6-15; potential ecological hazards for
receptors exposed to COPECs in environmental media at the Site and background locations are
summarized in this section. Detailed ecological hazard estimate calculations are presented in

Attachments F through I of Appendix A.

6.6.1 Tier | Ecological Hazard Estimates

Tier I ecological hazard estimates for the Site and background locations are summarized in Tables

6-16 through 6-18. With the exception of elk (for which Tier I HQ estimates are less than the
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ecological hazard criterion of 1) and fish and amphibians (for which only screening level hazard

evaluation methods exist), all receptors are further evaluated in the Tier II ERA.

6.6.2 Tier Il Ecological Hazard Estimates

NOAEL-based Tier II ecological hazard estimates for the Site and background locations are
described below and summarized in Tables 6-19 and 6-20. LOAEIL-based Tier II ecological hazard

estimates are presented in Appendix A.

Long-tailed Vole

The NOAEL-based Tier II HQ estimates for a long-tailed vole exposed to contaminated media at
the Site range from 0.012 to 38, as shown in Table 6-19. Chemicals with Tier II hazard estimates
exceeding an HQ of 1 for the long-tailed vole are antimony, chromium, molybdenum, nickel,

selenium, and thallium.

The NOAEL-based Tier II HQ estimates for a long-tailed vole exposed to media at background
sampling locations range from 0.0071 to 28, as shown in Table 6-20. Chemicals with Tier II hazard
estimates exceeding an HQ of 1 for the long-tailed vole are antimony, molybdenum, selenium and

thallium.

American Goldfinch
The NOAEL-based Tier IT HQ estimates for an American goldfinch exposed to contaminated
media at the Site range from 0.00035 to 19, as shown in Table 6-19. Chemicals with Tier I hazard

estimates exceeding an HQ of 1 for the American goldfinch are chromium, copper, molybdenum,

nickel, selenium, and vanadium.

The NOAEL-based Tier II HQ estimates for an American goldfinch exposed to media at
background sampling locations range from 0.00021 to 7.8, as shown in Table 6-20. Chemicals with
Tier 1T hazard estimates exceeding an HQ of 1 for the American goldfinch are chromium, selenium

and vanadium.

Deer Mouse

The NOAEL-based Tier II HQ estimates for a deer mouse exposed to contaminated media at the
Site range from 0.013 to 306, as shown in Table 6-19. Chemicals with Tier II hazard estimates
exceeding an HQ of 1 for the deer mouse are antimony, cadmium, chromium, copper, molybdenum,

nickel, selenium, and thallium.
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The NOAEL-based Tier II HQ) estimates for a deer mouse exposed to media at background
sampling locations range from 0.0075 to 12, as shown in Table 6-20. Chemicals with Tier II hazard
estimates exceeding an HQ of 1 for the deer mouse are antimony, cadmium, chromium,

molybdenum, nickel, selenium and thallium.

Raccoon
The NOAEL-based Tier II HQ) estimates for a raccoon exposed to contaminated media at the Site
range from 0.0025 to 1.8, as shown in Table 6-19. The only chemical with a Tier II hazard

estimates exceeding an HQ of 1 for the raccoon is aluminum.

The NOAEL-based Tier IT HQ estimates for a raccoon exposed to media at background sampling
locations range from 0.0013 to 1.1, as shown in Table 6-20. The only chemical with a Tier II

hazard estimate exceeding an HQ) of 1 for the raccoon is aluminum.

American Robin

The NOAEL-based Tier II HQ estimates for an American robin exposed to contaminated media at
the Site range from 0.00020 to 10, as shown in Table 6-19. Chemicals with Tier II hazard estimates
exceeding an HQ of 1 for the American robin are cadmium, chromium, copper, nickel, selenium,

vanadium, and zinc.

The NOAEL-based Tier IT HQ estimates for an American robin exposed to media at background
sampling locations range from 0.00012 to 4.5, as shown in Table 6-20. Chemicals with Tier 1T
hazard estimates exceeding an HQ of 1 for the American robin are cadmium, chromium, selenium

and vanadium.

Mallard
The NOAEL-based Tier II HQ estimates for a mallard exposed to contaminated media at the Site
range from 0.042 to 6.1, as shown in Table 6-19. Chemicals with Tier II hazard estimates exceeding

an HQ of 1 for the mallard are aluminum, selenium, and vanadium.

The NOAEL-based Tier II HQ estimates for a mallard duck exposed to media at background
sampling locations range from 0.0053 to 0.78, as shown in Table 6-20. These HQ) estimates are all

less than the ecological hazard criterion of 1.
Mink
The NOAEL-based Tier IT HQ estimates for a mink exposed to contaminated media at the Site

range from 0.45 to 1706, as shown in Table 6-19. Chemicals with Tier II hazard estimates exceeding
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an HQ of 1 for the mink are aluminum, antimony, cadmium, chromium, copper, molybdenum,
nickel, selenium, thallium, vanadium, and zinc. It should be noted that the HQ exceedance by
copper is due to a fish tissue concentration modeled from surface water at all Site surface water
sampling locations. Although a mink might capture and consume prey from streams and springs
too small to support game fish, it is unlikely that this ecological receptor could fill a significant
portion of its dietary needs at these locations. If the mink is assumed to forage only at locations

where fish are present or likely to be present, the hazard associated with copper no longer exceeds 1.

The NOAEL-based Tier II HQ estimates for a mink exposed to media at background sampling
locations range from 0.10 to 312, as shown in Table 6-20. Chemicals with Tier II hazard estimates

exceeding an HQ of 1 for the mink are aluminum, antimony, copper, nickel, selenium and thallium.

Coyote
The NOAEL-based Tier II HQ) estimates for a coyote exposed to contaminated media at the Site

range from 0.00093 to 3.0, as shown in Table 6-19. Chemicals with Tier II hazard estimates

exceeding an HQ of 1 for the coyote are molybdenum, selenium, and thallium.

The NOAEL-based Tier II HQQ estimates for a coyote exposed to media at background sampling
locations range from 0.00056 to 1.4, as shown in Table 6-20. The only chemical with a Tier 11

hazard estimate exceeding an HQ of 1 for the coyote is molybdenum.

Great Blue Heron

The NOAEL-based Tier II HQ) estimates for a great blue heron exposed to contaminated media at
the Site range from 0.0010 to 11, as shown in Table 6-19. Chemicals with Tier II hazard estimates

exceeding an HQ of 1 for the great blue heron are selenium and zinc.

The NOAEL-based Tier II HQ estimates for a great blue heron exposed to media at background
sampling locations range from 0.00061 to 1.0, as shown in Table 6-20. These HQ estimates do not

exceed the ecological hazard criterion of 1.

Northern Hatrier

The NOAEL-based Tier IT HQ estimates for a northern harrier exposed to contaminated media at
the Site range from 0.00012 to 1.3, as shown in Table 6-19. Chemicals with Tier II hazard estimates

exceeding an HQ of 1 for the northern harrier are selenium and vanadium.
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The NOAEL-based Tier II HQ) estimates for a northern harrier exposed to media at background
sampling locations range from 0.000069 to 0.59, as shown in Table 6-20. These HQ estimates are

all less than the ecological hazard criterion of 1.

6.7 SUMMARY OF LIVESTOCK HAZARD ESTIMATES

Refined LCOPCs evaluated for livestock are presented in Table 6-21; potential hazards associated
with beef cattle exposure to surficial media at the Site and background locations are summarized in
this section. Detailed ecological hazard estimate calculations are presented in Attachment J to
Appendix A. As shown in Figure 6-3, beef cattle are evaluated for the following direct and indirect

exposure pathways: upland surface soil, surface water, and vegetation.

6.7.1 Tier | Livestock Hazard Estimates

Tier I livestock hazard estimates for the Site and background locations are described below and
summartized in Tables 6-22 and 6-23. The NOAEIL-based Tier I HQ estimates for beef cattle
exposed to contaminated media at the Site range from 0.000027 to 8.2, as shown in Table 6-22.
Chemicals with Tier I hazard estimate exceeding an HQ of 1 for beef cattle are molybdenum,
selenium and thallium. The NOAEL-based Tier I HQ estimates for beef cattle exposed to media at

background sampling locations are all less than the hazard criterion of 1 (Table 6-23).

6.7.2 Tier Il Livestock Hazard Estimates

NOAEL-based Tier II livestock hazard estimates for beef cattle exposed to contaminated media at
the Site and background locations are all less than the hazard criterion of 1, as shown in Tables 6-24
and 6-25. These hazard estimates are consistent with results of the 1999/2000 Henry Mine cattle
grazing study, which showed no adverse effects to cattle grazing on reclaimed mine waste rock

dumps. LOAEL-based Tier II livestock hazard estimates are presented in Appendix A.

6.8 UNCERTAINTY IN RISK ASSESSMENT RESULTS

Both human and ecological risk assessment are based on a series of assumptions and parameters.
There is inherent and intentional conservatism in the use of these assumptions and parameters and
also uncertainty. To assist interpretation of the risk assessment results presented in this section, the
primary sources of conservatism and uncertainty are described in Sections 6.8.1 and 6.8.2,

respectively:
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6.8.1 Primary Sources of Conservatism

Tier II RME cumulative media ILCR estimates for all six human health receptors calculated based
on background concentrations of COPCs range between 2 x 10? and 2 x 10°. Background Tier II
RME cumulative media HI estimates for the six receptors ranged between 0.009 and 139.
Background Tier II NOAEL-based ecological HQs for mammalian receptors ranged from 0.00056
(aluminum for the coyote) to 312 (thallium for the mink). The magnitude of the background risk
and hazard estimates for several receptors, exposure pathways and preliminary COCs suggests that
there is generally a high degree of conservatism in the BRA for the Site. Primary sources of

conservatism in the BRA for the Site are as follows:

e The process used in selecting site COPCs, COPECs, and LCOPCs included comparison of
maximum detected concentrations to health-protective screening criteria.

e The EPCs used in the Tier | HHRA, ERA and ILRA are based on maximum detected
concentrations.

e The EPCs used in the Tier Il HHRA, ERA, and LRA are based on the ProUCL
recommended UCL on the mean concentrations. When insufficient sample results are
available to calculate UCL on the mean concentrations, Tier II EPCs are based on maximum
detected concentrations.

e Secondary media exposure pathways, including consumption of culturally significant plants,
are evaluated for all constituents identified as COPCs in relevant primary media, even if a
given COPC wasn’t detected in culturally significant plant samples.

e Modeled COPC concentrations in fruits and vegetables, and culturally significant upland and
riparian plants, are based on a mass loading factor (MLF) derived from lettuce that assumes
edible portions of plants aren’t washed prior to consumption.

e Ixposure parameters used in dose modeling are intended to evaluate a worst-case scenario
to provide an upper bound on ILCR and HI estimates. For example, the BRA assumes that
a seasonal rancher resides at the Site during the period when cattle are grazing; 120 days
under the RME exposure scenario, with direct contact exposure to soil and groundwater
every day. In reality, seasonal ranchers don’t currently reside on the grazing allotments on
the Site, nor are they likely to reside there in the future; rather, seasonal ranchers check on
and tend to their cattle on an occasional basis. These occasional visits by ranchers might
include a day-long horseback ride through the cattle once every few weeks and a return to
their off-Site home at the end of each Site visit. During those visits, they would bring their
own water (and food) from off-Site because there are no suitable sources of drinking water
on the Site.

e Background data for riparian soil, sediment, and vegetation represent only a portion of the
potential area disturbed by historic mining, and likely do not adequately represent the entire
geologic sequence (i.e., riparian soil, sediment, and vegetation data are not available for areas
over or derived from in situ Phosphoria Formation). As a result, it is hypothesized that
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background risk estimates for these media are most likely biased low, and corresponding
incremental risk estimates for these media are probably biased high.

e Hazard associated with consumption of aquatic prey by ecological receptors is based on data
from all surface water sampling locations, rather than only those locations where fish are
present or are likely to be present.

e The exposure assumptions, media transfer factors, and toxicity values used in the HHRA,
ERA, and LRA are intended to etr on the conservative side.

The above sources of conservatism are described in more detail in Appendix A.

6.8.2 Primary Sources of Uncertainty

The primary sources of uncertainty in the BRA for the Site are as follows:

e Detection limits for non-detect metals exceeded COPC screening criteria for one analyte
(cobalt) in surface water and seven analytes (arsenic, cadmium, chromium, cobalt,
manganese, nickel, and vanadium) in groundwater. However, these analytes are either
retained as COPCs due to detected concentrations above screening criteria (cobalt in surface
water and arsenic, chromium, cobalt, and manganese in groundwater) or detected
concentrations and detection limits are below screening criteria in 56 of 58 samples
(cadmium in groundwater) or 31 of 33 samples (nickel and vanadium in groundwater).

e Detection limits exceeded ecological screening levels for two analytes (antimony and boron)
in upland soil/waste rock, one analyte (antimony) in riparian soil and sediment, and four
analytes (beryllium, boron, cobalt, and vanadium) in surface water. With the exception of
beryllium, which was never detected, these analytes are retained as COPECs for their
respective media due to detected concentrations above screening criteria; therefore,
potentially elevated detection limits for these metals had no effect on COPEC selection.

e It’s possible that some biota consumption pathways not quantitatively evaluated for a
particular receptor could be applicable to that receptor; for example, a hypothetical future
resident and a recreational camper/hiker could also hunt, and a hypothetical future resident
could also consume aquatic plants.

e DPotential uncertainties in the problem formulation phase of the ERA include, but are not
limited to, ecological resources determined to be potentially impacted, indicator receptors
selected to represent exposed individuals/populations, applicable exposure pathways,
exposure information and assumptions, and available contaminant characterization
information.

e Area averaging of data over the entire Site potentially underestimates exposures to receptors
with small foraging areas; however, a site utilization factor (SUF) of 1 is used in such cases.

e Ingestion rates for culturally significant plants and elk tissue used in the baseline risk
assessment for the Henry Site were developed from the US EPA’s Exposure Factor
Handbook, but do not include the level of community-specificity information summarized in
Shoshone-Bannock Tribes (2016). The RME vegetation ingestion rate of 293 grams, or
approximately 10 ounces, per day for an adult is approximately double an ingestion rate of
about 150 grams per day estimated from Attachment 1 of Shoshone-Bannock Tribes (2016).
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Because the Henry Site contains a limited amount of federally managed land where
subsistence-level plant and game harvesting can occur, and all consumed vegetation was
assumed to be comprised of Henry Site-derived culturally significant plants, the Native
American plant consumption risk estimates presented in the Henry Mine RI Report are not
believed to be significantly underestimated.

O Noncancer hazard estimates for ingestion of elk tissue based on an ingestion rate of 44.5
grams per day for an adult and the maximum detected concentration of metals in soil at
the Henry Site range from 0.00000033 to 0.040; the cancer risk estimate for
consumption of elk tissue is 7.2x10”. Elk consumption rates estimated from
Attachment 2 of Shoshone-Bannock Tribes (2016) range from 169 grams per day to 217
grams per day. Thus, the above supplemental cancer risk and noncancer hazard
estimates for elk consumption by a Native American may be underestimated by a factor
of about 4 — 5 times. Although the elk ingestion rates for the Native American may
underestimate actual elk consumption rates based on the information included in
Shoshone-Bannock Tribes (2016), the consumption of elk tissue is a minor contributor
to overall risk compared with direct soil contact pathways. Thus while uncertainty in the
elk tissue ingestion rate is high, uncertainty associated with the impact of this pathway on
the overall conclusions of the baseline risk assessment is low.

e Fxposure models for livestock and wildlife do not include uptake factors for selenium
hyperaccumulator species (e.g., milk vetch); therefore, ecological hazards associated with
selenium in livestock and wildlife could be underestimated if hyperaccumulator species
comprise a significant portion of on-Site vegetation at any point in the future. Although this
not anticipated because the dominance of beneficial vegetation throughout the reclaimed
areas of the Site, and P4’s active selenium hyperaccumulator plant species eradication
program.

e Uncertainties in the available human health toxicity values evaluated in the HHRA include
but are not limited to:

0 Use of the linearized multistage (LMS) model, which assumes that there is no threshold
for carcinogenic effects, to extrapolate animal carcinogenicity data to human toxicity
criteria.

O Extrapolation of animal noncarcinogenic toxicity data to humans, and the uncertainty
factors (UFs) employed during animal-to-human extrapolations.

O Lack of published dermal toxicity criteria and the use of oral-to-dermal route
extrapolation.

e Uncertainties in the available ecological toxicity values evaluated in the ERA include but are
not limited to:

O Many ecological TRVs are derived from toxicity studies in laboratory animals because
wildlife toxicity data aren’t available for all metals;

Dermal and inhalation TRVs are unavailable for metals; and

Fewer published TRV are available for avians than mammals; as a result, potential
hazards to birds could not be evaluated for several COPECs.
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Potential uncertainties in the HHRA and ERA for the Site are described in more detail in Appendix
A.

6.9 BRA SUMMARY

6.9.1 Tier | Human Health Risk Summary

The RME ILCR and noncancer HI estimates for all three receptors evaluated in the Tier I HHRA
are in excess of IDEQ’s and USEPA’s acceptable risk and noncancer HI criteria, as shown on
Table 6-26. COPCs and pathways associated with excess risk and hazard are further evaluated in the
Tier I HHRA. It is worth noting that Tier I RME ILCR and noncancer HI estimates calculated for
the above receptors using background concentrations are also in excess of IDEQ’s and USEPA’s
acceptable cancer risk and noncancer hazard criteria (Table 6-26). As a result of the Tier 1 HHRA,

all human health receptors were evaluated in the Tier I HHRA.

6.9.2 Tier Il Human Health Risk Summary

Tier II baseline HHRA risk estimates for all six of the receptors evaluated for exposure to
constituents in environmental media at Site and background locations based on upper bound
average EPCs and RME assumptions are shown in Table 6-27. This table also summarizes
incremental risk estimates above background and presents Tier II risk drivers for each receptor and

medium. A detailed summary of the Tier I HHRA is presented in Section 7.2.

6.9.3 Tier | Ecological Hazard Summary

Tier I NOAEL-based HQ estimates in excess of 1 are calculated for several receptors and COPECs
as shown in Table 6-16 and Table 6-28. Only screening level methods exist for evaluating fish and
amphibians, and these receptors are not included in the baseline Tier II ERA. No HQ estimates for

the elk exposed to Site surficial media exceeded 1; therefore, elk were excluded from further

evaluation in the Tier II ERA.

6.9.4 Tier Il Ecological Hazard Summary

Tier I NOAEL-based HQ estimates in excess of 1 are calculated for several receptors and
preliminary COECs at the Site and background locations, as shown in Table 6-29. As shown in
Table 6-19 and Table 6-20, ccological hazard estimates for antimony in upland soil (deer mouse
and long-tailed vole) and antimony and thallium in riparian soil and sediment (mink) are greater for

background locations than for Henry Site locations. Therefore, antimony and thallium are not listed
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as risk drivers for these media in Table 6-29. A detailed summary of Tier II ecological hazard

results is provided in Section 7.3.

6.9.5 Tier I and Tier Il Livestock Hazard Summary

Tier I NOAEL-based HQ estimates in excess of 1 are calculated for beef cattle exposed to upland
soil/waste rock and surface water at the Site for molybdenum, selenium, and thallium. No Tier I
NOAEL-based HQ estimates in excess of 1 are calculated for beef cattle exposed to upland
soil/waste rock and surface water at background sampling locations. NOAEL-based Tier I risk
drivers are evaluated in the Tier II LRA; no Tier II HQ) estimates in excess of 1 are calculated using
NOAEL-based TRVs. The range of Tier I and Tier II livestock hazards, and Tier I risk drivers, are

presented in Table 6-30 and also summarized in Section 7.4.
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FIGURE 6-1
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FIGURE 6-2
ECOLOGICAL CONCEPTUAL SITE MODEL
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2 Potential effects to reptiles are evaluated qualitatively.

® The surface water bodies at the Henry Site support fish, or have the potential to support fish, as described in the Remedial Investigation and Feasibility Study Work Plan (MWH, 2011).

° The inhalation pathway is minor relative to the ingestion pathway and there is a lack of relevant toxicological information; therefore this pathway was not evaluated quantitatively for ecological receptors.

4 For the purpose of the risk assessment, American goldfinch, American robin, coyote, deer mouse, elk, long-tailed vole, and Northern harrier are exposed to upland soil only; and mink, great blue heron and raccoon are exposed to

riparian soil only.

® Exposure to chemicals of potential ecological concern in surface water through the ingestion of aquatic plants and/or animal pathways were quantitatively evaluated using sediment data when sediment data were available.




FIGURE 6-3
LIVESTOCK CONCEPTUAL SITE MODEL
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Notes:

® The inhalation pathway is a relatively minor exposure route compared with the ingestion pathway, and data and methods for modeling exposure
and effects associated with inhalation are insufficient at this time. Therefore this pathway is not evaluated quantitatively for beef cattle.

® For the purpose of the livestock risk assessment, beef cattle are assumed to be exposed to upland soil only.



7.0 SUMMARY AND CONCLUSIONS

This section summarizes the nature and extent of contaminant characterization, results and
conclusions of the BRA, and recommendations for each primary and secondary medium in support

of the FS for the Henry Site.

7.1 INTRODUCTION

The Guidance for Conducting R1/FS Studies under CERCL.A (USEPA, 1988) states that the RI, after a
thorough scoping process and review of available information, is the mechanism for: collecting data
to characterize site conditions; determining the nature of the contamination; and assessing risks to
human health and the environment. The objective of the Rl is to characterize the study area
sufficiently enough to (1) determine the need for remedial action and (2) support the identification
and evaluation of remedial alternatives in the FS which follows the RI. The characterization

presented in this RI Report examines the sampling data from numerous media collected from 2004 to

2014 at the Site.

The USEPA (1988) guidance clearly states that the objective of the RI process is not the
unattainable goal of removing all uncertainty, but rather to gather information sufficient to support
an informed risk management decision regarding the appropriate site remedy. This section
summarizes the accomplishments of the RI against these goals and provides recommendations for
the next steps in the CERCLA process. Human health, ecological and livestock risks are addressed
for each receptor in Sections 7.2, 7.3, and 7.4 and Appendix A. Where media have been
determined to contain preliminary COCs/COECs that represent a risk to cutrent/future receptots,
or exceed regulatory criteria, they are considered COCs/COZECs as presented in Section 7.5 and

hence will need to be addressed in the FS.

There is a common discussion topic herein with respect to the P4 Sites RI results, specifically the
background sites that were sampled to develop background data sets for the various media during
the RI. The 2014 re-evaluation of upland soil background levels focused on collection of samples
over the entire geologic sequence that was disturbed by Site activities. This is important because the
P4 Sites contained outcrops of the Meade Peak and Rex Chert Members of the Phosphoria
Formation, which are known to be naturally elevated in some metals, metalloids, and nonmetals

(Rex Chert to a lesser extent). As a result of the 2014 investigation, the upland soil background
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statistics inclusive of the Phosphotia Formation (see Radiological/ Background Repori) are often
significantly higher compared to results of the previous background evaluation for upland soil
(MWH, 2013). Note that background samples have not been collected from upland or riparian
vegetation, riparian soil, or sediment locations overlying or immediately downslope of the Meade
Peak Member of the Phosphoria Formation. The lack of representative data from these media in
the appropriate background locations almost certainly biases the background levels for some
analytes low, especially for constituents such as arsenic and radium-226. This affects the incremental

risks calculated for vegetation, riparian soil, and sediment presented below.

7.2 SUMMARY OF CONTAMINATION AND HUMAN HEALTH RISKs

This section summarizes the RI and provides conclusions for each medium under the following

subheadings:

e Nature and Extent of Contamination (inclusive of Fate and Transport),

e Risk to Human Health, and

e Information to Support the FS.
A BRA was performed using consetvative assumptions to bound risks to current/potential future
human receptors. The BRA, which details the methods, assumptions and findings of the bounding
human health and environmental assessment, is provided as Appendix A and summarized in
Section 6.0. The Nature and Extent of Contamination and Information to Support the IS
subsections below are inclusive of the human health, ecological, and livestock evaluation. However,
the risk-assessment component of this section focuses on the total (Site-related including
background) and incremental (Site-related above background) carcinogenic and non-carcinogenic

human health risks as discussed below by medium.

Tier I screening-level HHRA risk estimates are calculated for the three receptors (cutrent/future
Native American, hypothetical future resident, and current/future seasonal rancher) with the
greatest exposure to COPCs in environmental media at Site and background locations using
maximum detected concentrations and RME assumptions. Total and background carcinogenic risk
and noncarcinogenic hazard estimates calculated for all three of these receptors in the Tier I HHRA
are in excess of IDEQ’s and USEPA’s acceptable criteria, as shown on Table 6-26 and detailed in
Appendix A.
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Tier II baseline HHRA risk estimates are calculated for all six of the receptors evaluated for
exposure to constituents in environmental media at Site and background locations using upper
bound average concentrations and both RME and CTE assumptions. Tier II RME and CTE risk
estimates are detailed in Appendix A. Risks to human health summarized in this Section for each

medium are based on the Tier II RME HHRA.

The preliminary COCs, based on results of the HHRA, are presented by medium in Table 7-1, and
a summary of conclusions is presented in Table 7-2. Conclusions for medium are discussed below
in the same order as in Section 4.0 and include upland soil/waste rock (Section 7.2.1), upland and
riparian vegetation (Sections 7.2.2 and 7.2.3), riparian soil and sediment (Section 7.2.4), surface water

(Section 7.2.5), groundwater (Section 7.2.6), and biota (Section 7.2.7).

7.2.1 Upland Soil/Waste Rock

Nature and Extent of Contamination. The Rl upland soil/waste rock findings presented in
Sections 4.1 and 5.0 of this RI Report provide sufficient information to characterize the nature and
extent of contamination associated with cover material, waste rock, or other contaminated soil on
the Site. The locations and concentrations of constituents in upland soil/waste rock are identified
through numerous surface soil samples collected in 2004, 2009, and 2014. The primary source of
contamination at the Site is waste rock derived from the center waste shale of the Phosphoria Meade
Peak Member that has been placed in various reclaimed waste rock dumps and backfilled mine pits
throughout the Site. Concentrations of several preliminary COCs/COECs (atsenic, cadmium,
chromium, copper, molybdenum, nickel, radium-226, radon-222, selenium, thallium, vanadium, and
zinc) in soil samples collected across reclaimed waste rock dumps, backfilled pits, and the former
haul road pose risks and are pervasively elevated above background levels. These analytes mirror
the chemical elements known to be elevated in the Meade Peak Member of the Phosphoria
Formation. There is a wide range of constituent concentrations in Site soil samples that reflects the
heterogeneous nature of the cover materials and waste rock deposited in the dumps and backfilled
pits. Sample results from transect sampling collected near the edge of two waste rock dumps and
extensive radiological gamma survey investigation indicate no significant off-dump transport is

occurring.

Risk to Human Health. Total and incremental carcinogenic risks to Native American,
hypothetical future resident, and seasonal rancher receptors are in excess of IDEQ’s criterion (1 x
10”) and USEPA’s risk management range (1 x 10° to 1 x 10), while total and incremental
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carcinogenic risks to the recreational hunter and camper/hiker receptors are above IDEQ’s
criterion, but do not exceed USEPA’s risk management range (Table 6-27). Note that background
risk estimate for the seasonal rancher also exceeds USEPA’s risk management range. In addition, as
presented in Section 6.0 and discussed further in Section 7.2.9, worst-case scenatio exposure

assumptions are utilized in the BRA resulting in conservative risk estimates.

Excess risks for the Native American, hypothetical future resident and seasonal rancher receptors
are due to arsenic and radium-226 exposure, and excess risks for the recreational hunter and
camper/hiker receptors are due to radium-226 exposure. Total and incremental carcinogenic risks
for a hypothetical future resident exposed to modeled concentrations of upland soil/waste rock-
derived radium-222 in indoor air exceed IDEQ and USEPA criteria. The acceptable non-cancer HI
of 1 is not exceeded for any receptors. As a result, arsenic and radium-2206 are identified as
preliminary COCs for direct exposute to upland soil/waste rock, and radon-222 is a preliminary

COC as a result of indoor air exposure (Tables 7-1 and 7-2).

Information to Support the FS. The nature and extent of contamination associated with upland
soil/waste rock at the Site and the risks posed to human health and the environment have been
sufficiently bounded to evaluate remedial alternatives in the FS. Essentially, the need for upland
soil/waste rock risk mitigation is restricted to the Site waste rock dumps and pit areas. The FS
process to evaluate remedial technologies and select alternatives will be consistent with USEPA

guidance (1988) and the RI/FS SOW.

7.2.2 Upland Vegetation

Nature and Extent of Contamination. The RI upland vegetation findings (Sections 4.2 and 5.0)
provide sufficient information to characterize the nature and extent of contamination associated
with upland vegetation on the Site. The locations and concentrations of constituents in upland
vegetation are identified through numerous plant species samples collected from plants growing in
cover soils overlying the reclaimed waste rock dumps and backfilled mine pits in 2004 and 2009.
Constituents detected in vegetation samples that have elevated concentrations above background
and are associated with excess human health and/or ecological risk estimates ate arsenic, cadmium,
molybdenum, radium-226 (modeled from uranium), selenium, uranium, and thallium. Similar to
upland soil/waste rock, there is a large range in upland vegetation concentrations reflecting the
heterogeneous nature of the cover and mine waste rock materials and plant uptake of contaminants

in these areas. During the 2009 seasonal investigations, both higher and lower concentrations were
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reported in forb samples collected in the fall compared to the spring, thus no general conclusions
regarding seasonality can be drawn. Vegetation samples collected from culturally significant (CS)
vegetation generally show low concentrations of contaminants with the exception of one of the five

samples that reported a higher concentration of selenium.

Risk to Human Health. Total and incremental risks to a Native American receptor are in excess
of IDEQ’s and USEPA’s acceptable risk criteria. Specifically, excess total carcinogenic risk is
associated with exposure to arsenic and radium-226 (modeled from uranium) in CS plants grown in
upland soil/waste rock overlying reclaimed waste rock dumps and backfilled pits (Table 6-27).
Excess incremental carcinogenic risk is associated with exposure to radium-226 only. The
incremental noncancer HI estimate exceeds the acceptable non-cancer HI criterion of 1; this excess
hazard is associated with exposure to selenium in upland CS vegetation. The total and incremental
carcinogenic risk to a hypothetical future resident consuming fruits and vegetables grown in upland
soil/waste rock and irrigated with groundwater also exceed both the IDEQ and USEPA criteria due
to arsenic and radium-226 (modeled from uranium). The acceptable incremental non-cancer HI of
1 is exceeded for the hypothetical future resident due to concentrations of arsenic, cadmium,
molybdenum, selenium, and thallium in measured non-culturally significant upland plant tissue or
fruits and vegetables modeled from upland soil/waste rock and/or groundwater (Tables 7-1 and

7-2).

Information to Support the FS. The nature and extent of contamination associated with upland
vegetation at the Site and the risks posed to human health and the environment have been
sufficiently bounded to evaluate remedial alternatives in the FS. The FS process to evaluate and
select remedial alternatives will be consistent with USEPA guidance (1988) and the RI/FS SOW.
However, the risks associated with background are very likely significant for vegetation. As such,

collection of additional background data may be warranted, as discussed in Section 7.6

7.2.3 Riparian Vegetation

Nature and Extent of Contamination. The Rl riparian vegetation findings (Sections 4.2 and 5.0)
provide sufficient information to characterize the nature and extent of contamination associated
with riparian vegetation on and downstream of the Site. The locations and concentrations of
contaminants in riparian vegetation are identified through riparian vegetation samples collected in
2004. Riparian vegetation samples collected in upstream locations, such as ponds and seeps, have

concentrations of selenium that are elevated above background. However, contaminant
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concentrations in riparian vegetation decrease significantly downstream and are only detected above
the MDL in one stream station along the Little Blackfoot River (MST044), which is located

approximately where the Meade Peak Formation ore horizon crosses beneath the river.

Risk to Human Health. Total and background carcinogenic risks to a Native American receptor
consuming CS riparian vegetation are in excess of IDEQ’s and USEPA’s acceptable risk criteria; this
excess risk is due to arsenic in CS vegetation harvested from riparian soil. However, the modeled
concentration of arsenic in riparian plants from background locations is only slightly higher (i.e., less
than 5%) than the modeled concentration of arsenic in riparian plants from Site locations and,
therefore, there is no discernable incremental risk (it is inconsequential) (Table 6-27). The
acceptable incremental non-cancer HI of 1 is exceeded for a Native American receptor due to

selenium and vanadium in CS vegetation harvested from riparian soil (Tables 7-1 and 7-2).

Total, background, and incremental carcinogenic risks associated with arsenic and radium-226
(modeled from uranium) in CS aquatic plants derived from Site sediment and surface water are in
excess of the acceptable IDEQ and USEPA criteria (T'able 6-27). Three other preliminary COCs
(cadmium, selenium, and zinc) are associated with an exceedance of the acceptable incremental non-
cancer HI of 1 under the aquatic plant consumption scenario for the Native American receptor
(Tables 7-1 and 7-2). Note that the incremental risks may be overestimated based in the current

sediment background data set.

Information to Support the FS. The nature and extent of contamination associated with riparian
vegetation at the Site and the risks posed to human health and the environment have been
sufficiently bounded to evaluate remedial alternatives in the FS. The area of potentially impacted
riparian vegetation appears to be limited to small areas surrounding Site ponds. The FS process to
evaluate and select remedial alternatives will be consistent with USEPA guidance (1988) and the
RI/FS SOW.

7.2.4 Riparian Soil and Sediment

Nature and Extent of Contamination. The Rl riparian soil and sediment findings (Section 4.3
and 5.0) provide sufficient information to characterize the nature and extent of contamination
associated with downstream transport of Site contaminants in riparian soil and sediment. The
locations and concentrations of constituents in riparian soil and sediment were identified through

sampling events conducted in 2004 and 2010. As discussed in Section 4.3, evaluation of nature and
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extent for these two media are combined in this RI, because riparian soil and sediment at the Site are
adjacent and contiguous in narrow zones, and proposed future remedial alternatives for these media
in the future Site FS likely will be similar. Concentrations of several constituents in riparian soil
samples collected from upstream locations (ponds, seeps and some springs) and some downstream
locations (streams) are elevated above background levels and are associated with excess human
health and/or ecological tisks. These preliminary COCs/COECs for both riparian soil and
sediment include arsenic, cadmium, chromium, copper, molybdenum, nickel, radium-226 (modeled
from uranium), selenium, uranium, vanadium, and zinc and are similar to constituents detected at
elevated concentrations in upland soil/waste rock. Concentrations of these contaminants are
highest in pond samples and also are elevated in dump seep and springs samples. Some stream
stations adjacent to the waste rock dumps also report elevated concentrations. However,
concentrations decrease significantly downstream and are below background levels in riparian soil

and sediment samples collected from the furthest downstream locations.

Risk to Human Health Associated with Riparian Soil. Total carcinogenic risk estimate for a
Native American receptor is below the IDEQ’s acceptable risk criterion and within the USEPA’s
acceptable risk management range, and is driven by direct arsenic exposure. The exposure
concentration of arsenic for background sample locations is greater than the exposure concentration
of arsenic for Site sample locations and, therefore, there is no incremental risk (Table 6-27). The
acceptable incremental non-cancer HI of 1 is not exceeded for the Native American receptor. Risks
to hypothetical future resident and recreational fisher receptors calculated in the screening-level
HHRA are inconsequential and, therefore, riparian soil exposure was not evaluated for these
receptors in the baseline HHRA. No analytes are identified as a preliminary COC for direct

exposure to riparian soil (Tables 7-1 and 7-2).

Risk to Human Health Associated with Sediment. As discussed above in Section 7.2.4, the
uptake of sediment constituents by CS aquatic plants, and subsequent consumption by a Native
American receptor, is the only complete exposure pathway associated with Site sediment. As a

result, there are no significant risks associated with direct exposure to sediment.

Information to Support the FS. The nature and extent of contamination associated with riparian
soil and sediment at the Site and the risks posed to human health and the environment have been
sufficiently bounded to evaluate remedial alternatives. Areas that need to be addressed are restricted

to narrow zones of soil and sediment in the headwater streams near the waste rock dumps. The FS
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process to evaluate remedial technologies and select alternatives will be consistent with USEPA
guidance (1988) and the RI/FS SOW. However, the risks calculated from background
concentrations detected in riparian soil, sediment, and associated vegetation are important for the
correct calculation of incremental risks to human receptors from these media. It is likely that the
incremental risks discussed above for these media are biased high because of the low background
concentrations. As such, collection of additional background data may be warranted for these

media, as discussed in Section 7.6.

7.2.5 Surface Water

Nature and Extent of Contamination. The RI surface water findings (Section 4.4 and 5.0)
provide sufficient information to characterize the nature and extent of contamination associated
with surface water at the Site. The locations and concentrations of constituents in surface water are

identified through numerous samples collected during spring and fall sample events between 2004

and 2014.

Arsenic, cadmium, and selenium are identified as preliminary COCs/COECs based on the
exceedance of screening criteria. Arsenic and cadmium exceedances occur sporadically, and the
highest concentrations above screening criteria primarily occur in one location (MSP055). Even if
this location is excluded, these elements still may present an unacceptable risk. Other contaminants
including nickel, thallium, and zinc, are only a concern in isolated areas (MSP055 and MST275
[thallium only]).

Surface water samples collected from dump seeps, springs, and ponds located near the waste rock
dumps contain a greater number of elevated contaminants (i.e., above their respective screening
criteria) when compared to stream samples which are generally collected downstream from the
sources. Many of the Site streams are fed either by perennial springs or runoff-derived streams
(ephemeral) that are dry at the height of summer when spring runoff ends as shown in Site sample
station photographs (see Appendix C). Perennial tributaries have been sampled in both the spring
and fall, and concentrations of selenium during spring concentrations are lower on average in the
Little Blackfoot River (Figures 4-10 and 4-11). Such a condition would be typical of an unimpacted

stream in the area.

Contaminant concentrations indicate that there are no effects to the Little Blackfoot River from the

Site due to either direct surface water or groundwater discharge to surface water. Small tributaries
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that originate in the Lone Pine Creek drainage area exceed screening criteria at stations near the
mine; however, elevated concentrations of contaminants do not appear to reach the Little Blackfoot
River. The Long Valley Creek tributary on the west side of the Site rarely contains water and does
not appear to be a source of contaminants. Several of the ponds have elevated concentrations of
several contaminants. However, there is no direct discharge to surface water from the four Site

ponds.

Risk to Human Health. Total and incremental risks to a Native American receptor associated
with direct exposure to arsenic in surface water are below IDEQ’s acceptable risk criterion and fall
within the lower end of USEPA’s risk management range, as shown on Table 6-27. The acceptable
incremental non-cancer HI of 1 is not exceeded for a Native American receptor. Arsenic is the only
risk-derived constituent identified as a preliminary COC (Tables 7-1 and 7-2). Risks to hypothetical
future resident and recreational fisher receptors calculated in the screening-level HHRA are

inconsequential and, therefore, surface water exposure was not evaluated for these receptors in the

baseline HHRA.

Information to Support the FS. The nature and extent of contamination associated with surface
water at the Site, and the risks posed to human health and the environment have been sufficiently
bounded to evaluate remedial alternatives in the FS. Areas that need to be addressed are restricted
to headwater locations in the Lone Pine Creek drainage closer to the waste rock dumps. The FS
process to evaluate remedial technologies and select alternatives will be consistent with USEPA

guidance (1988) and the RI/FS SOW.

7.2.6 Groundwater

Nature and Extent of Contamination. The RI groundwater findings (Section 4.5 and 5.0)
provide sufficient information to characterize the nature and extent of contamination associated
with the various hydrostratigraphic units (local, intermediate, and regional) beneath and
downgradient of the Site. The locations and concentrations of constituents in groundwater are
identified through numerous groundwater samples collected during spring and fall events between
2004 and 2014. As discussed in Section 4.5, selenium is the most consistently elevated constituent
that exceeds groundwater screening criteria. The only other constituent that exceeds its screening
criteria is cadmium (Table 7-2) and exceedances are only reported beneath and along the edge of
the waste rock dumps. These two analytes are considered preliminary COCs for groundwater.
Arsenic, cobalt, and thallium are identified as preliminary COCs in the BRA as discussed below, but
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these three risk-derived contaminants do not exceed screening criteria and only sporadically exceed

background levels.

The local, intermediate and regional aquifers associated with the Site have the following noted
impacts from the sources of contamination (i.e., the waste rock dumps):
e Alluvial groundwater transport toward the Little Blackfoot River in the northern alluvial area

is not significant and is confined to near the waste rock dumps. This is also supported by
the lack of consistent increases in the Little Blackfoot River across the mine area.

e Alluvial groundwater beneath and along the waste rock dumps in the southern alluvial area
are affected by preliminary COC concentrations above screening criteria, and plumes of
limited extent extend beyond the dumps. However, concentrations in the plumes do not
exceed screening criteria. The extent of groundwater impacts in this area is approximately
the same as surface water.

e Groundwater collected from monitoring wells screened near the top of the Dinwoody
Formation on the northeast side of the mine appear to be impacted and have increasing
preliminary COC concentrations resulting from normal to above average winter
precipitation and snowmelt. However, to date groundwater screening criteria have not been
exceeded in the unit, and significant downgradient transport toward the Little Blackfoot
River is not seen.

e The hydraulic connection between mine pits and the Wells Formation is supported by
responses to increased runoff, but preliminary COC concentrations in the formation are well
below screening criteria.

Risk to Human Health. Total and incremental risks associated with arsenic exposure to a
hypothetical future resident are above the IDEQ criterion, but fall within the USEPA’s acceptable
risk management range as shown on Table 6-27. These risks are at or below IDEQ’s criterion and
within the USEPA’s acceptable risk management range for a seasonal rancher. The contaminants
that contribute to the exceedance of the acceptable incremental non-cancer HI of 1 are cobalt and
thallium for a hypothetical future resident. Therefore, arsenic, cobalt and thallium are the only

identified risk-derived preliminary COCs as shown in Tables 7-1 and 7-2.

Information to Support the FS. The nature and extent of contamination associated with
groundwater at the Site and the risks posed to human health and the environment have been
sufficiently bounded to evaluate remedial alternatives in the FS. Alluvial groundwater near the waste
rock dumps in the southwest portion of the Site are impacted similar to surface water. The FS
process to evaluate remedial technologies and select alternatives will be consistent with USEPA

guidance (1988) and the RI/FS SOW.
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7.2.7 Biota

Nature and Extent of Contamination. The RI findings (Section 4.6) regarding aquatic and
terrestrial biota provide sufficient information to characterize the nature and extent of
contamination associated with biota. A variety of aquatic and terrestrial biological-chemical data
were collected during the pre- and post-2004 investigation periods at the Site. The terrestrial data
including the Henry Site cattle study have not been validated to current standards, but can be
validated as needed to support the RI/FS. Aquatic surveys were conducted in 2004, and forage fish
were found at three Site stations and presumed to be located at four other Site stations; all the
stations are located on the Little Blackfoot River. Constituent concentrations in the three stations
are generally similar with isolated exceedances of background concentrations. Macroinvertebrate
samples collected at the Site have relatively few detections and high laboratory report limits due to

low sample volumes.

Risk to Human Health. Total and background risks to a Native American, hypothetical future
resident, and recreational fisher receptors are in excess of IDEQ’s cancer risk criterion, but within
USEPA’s cancer risk management range (Table 6-27). However, total and background risks for
these receptors are equivalent, resulting in no incremental risk. Total and background hazard
estimates exceed the noncancer criterion; however, the concentrations of risk drivers in fish tissue
modeled from background surface water exceed the concentrations modeled from Site surface water

and, therefore, there are no incremental risk drivers.

For cattle, total and incremental risks to a seasonal rancher receptor are at or in excess of IDEQ’s
cancer risk criterion, but fall within USEPA’s cancer risk management range (Table 6-27).
Specifically, excess risks are due to exposure to arsenic and radium-226 in cattle that have grazed on
upland pastures and consumed surface water or groundwater. The only contaminant that
contributes to an incremental non-cancer hazard in excess of 1 for cattle that have grazed on upland

soil/waste rock and consumed surface water or groundwater is thallium (Tables 7-1 and 7-2).

Information to Support the FS. The nature and extent of contamination associated with biota at
the Site and the potential hazards posed to human health and the environment have been
sufficiently bounded to evaluate remedial alternatives in the FS. The FS process to evaluate remedial
technologies and select alternatives will be consistent with USEPA guidance (1988) and the RI/FS
SOW.
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7.2.8 Cumulative Risks from the Combined Media - Implications of Human Health
Risk Estimates on Current/Future Land Uses

Currently, reclaimed portions of the Site are used for grazing. This includes former P4-leased BLM

and State lands along with privately-held P4 lands. Recreational activities such as hunting currently

may occur on former P4-leased State and BLM lands, but is only possible by accessing these areas

on foot as P4 maintains fences and locked gates around the mine property. Recreational activities

are not permitted on P4-owned portions of the Site.

It should be noted that future Site uses will continue to emphasize grazing on reclaimed State/BLM
lands, along with some recreational activities (such as hunting, camping and hiking). Grazing also is
the most likely future land use for the reclaimed P4-owned areas of the Site. It is unlikely that
recreational use by the public would be permitted by P4 in the future on their privately-held portions

of the Site nor would subsistence or residential land uses.

Native American and Hypothetical Future Resident Risks. These receptors were evaluated to
determine if land use controls and/or remediation are required to protect humans involved in
potential future subsistence or residential land uses for the reclaimed and un-reclaimed mine areas of

the Site. Although these land uses are unlikely to occur in the future on the actual mine surface area.

Incremental cancer risk and noncancer HI estimates for the Native American and hypothetical
future resident receptors are greater than 1x10* and 1, respectively when considering inputs from all
the Site media. Therefore, further evaluations in the FS of area-specific remedial alternatives,
including institutional land use controls, will be required to protect potential human receptors under
these land uses on the mine area, proper. Because the contaminant concentrations associated with
excess risk for these receptors decrease rapidly downslope from the mine dumps, it is anticipated
that current or potential future subsistence or residential land uses off the current reclaimed mine

dumps would not be adversely impacted.

Seasonal Rancher Risks. The incremental combined-media cancer risk and noncancer HI
estimates for the seasonal rancher exceed IDEQ cancer risk and noncancer HI criteria, and the
USEPA’s cancer risk management range and HI of 1. However, the background cancer risk
estimates for this receptor also exceed IDEQ) risk criteria and the USEPA’s risk management range.
It should be noted that the seasonal rancher scenario assumes that seasonal ranchers live on
reclaimed Site areas during the portion of the year that their cattle graze on-Site. This assumption

assumes daily direct contact exposure to soil and consumption of groundwater as a potable supply
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during the grazing period. In actual practice, however, seasonal ranchers don’t reside on the Site,
nor are they likely to reside there in the future; rather, they visit the Site occasionally during the
grazing season to check up on, and tend to their cattle. Additionally, it is highly unlikely that a
seasonal rancher would install a potable supply well on former P4-leased BLM and State lands or
privately-held P4 lands. Currently, and likely in the future, the rancher brings drinking water from

off-Site during the occasional Site visits.

If daily direct contact soil exposure pathways and consumption of groundwater are not considered,
the incremental cancer risk for the seasonal rancher from beef consumption, is only slightly higher
than the IDEQ cancer risk criterion and is within the USEPA risk management range. Although the
incremental HI estimate of 4 for the seasonal rancher due to beef consumption remains above 1, the
HI is almost solely attributable to thallium in upland soil at an EPC of 1.31 mg/kg. Based on the
above, it is highly unlikely that current and anticipated future grazing on reclaimed portions of the

Site is adversely affecting the health of seasonal ranchers.

Recreational Hunter, Camper/Hiker, and Fisher Risks. Total and incremental combined-
media cancer risk estimates for the recreational hunter and camper/hiker exceed the IDEQ cancer
risk criterion but are within the USEPA’s risk management range. These upper bound cancer risk
and HI estimates are based on conservative assumptions, and, given that incremental combined
media cancer risk estimates for these receptors are within the USEPA’s risk management range and
incremental combined media HIs are below 1, these receptors are not likely to be adversely affected
by the Site. Recreational fishing also was evaluated along the Little Blackfoot River only, due to the
size, ephemeral nature, and lack of fish at the other surface water features on or downgradient of the
Site. Incremental combined media cancer risk and noncancer HI estimates for the recreational
fisher are below IDEQ and USEPA cancer risk and noncancer HI criteria. Consequently, this

receptor land use has not been adversely impacted by the Site.

7.3 SUMMARY OF ECOLOGICAL RISKS

This section summarizes the findings of the ERA that was performed using conservative
assumptions to bound risks to ecological indicator receptors that are possibly found at the Site. The
BRA, which details the methods, assumptions and findings of the bounding ERA, is provided as
Appendix A and summarized in Section 6.0. The preliminary COECs based on the results of the
ERA are presented by medium in Table 7-3 (provided at the end of the section).
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Tier I chemical-specific HQs for possible amphibians exposed to surface water COPECs at the Site
range from <1 to 313, as presented in Table 6-16. Surface water preliminary COECs with HQs
higher than IDEQ’s and USEPA’s acceptable surface water hazard criterion of 1 include aluminum,

barium, boron, cadmium, manganese, nickel, selenium, uranium, vanadium, and zinc.

NOAEL-based and LOAFEIL-based ecological hazard estimates are calculated for terrestrial and
riparian upper trophic level ecological receptors exposed to combined media at the Site, as described
in detail in Appendix A. Tier II NOAEL results are presented in Table 6-28 and summarized
below and in Table 7-4. The Tier I and Tier II LOAEL-based hazard estimates are presented in
Appendix A.

Tier IT Risks to the Environment. NOAEL-based Tier II HQ estimates in excess of 1 are
calculated for the following receptors: long-tailed vole, deer mouse, raccoon, mink, coyote,
American goldfinch, American robin, mallard duck, great blue heron and northern harrier exposed
to Site media. NOAEL-based Tier I HQ estimates for the elk are below 1 so elk were not further
evaluated in the Tier I assessment. Analytes with NOAEL-based Tier II HQ estimates in excess of
1 include: aluminum, antimony, cadmium, chromium, copper, molybdenum, nickel, selenium,
thallium, vanadium and zinc. With the exception of antimony and thallium, for which Site

ecological hazards are less than background ecological hazards, these analytes are listed as

preliminary COECs in Table 7-3.

These ecological risk estimates represent upper bound estimates that may “overestimate” Site risks.
As shown in Table 7-4, the background HQs are in excess of 1 for all the mammalian receptors that
were evaluated and for two of the five avian receptors that were evaluated (exceptions include the

mallard duck, great blue heron, and northern harrier).

Information to Support the FS. The nature and extent of contamination associated with biota at
the Site and the potential hazards posed to environment, via ecological receptors, have been
bounded sufficiently to allow evaluation of remedial alternatives in the FS. The FS process to

evaluate remedial technologies and select alternatives will be consistent with USEPA guidance

(1988) and the RI/FS SOW.

7.4 SUMMARY OF LIVESTOCK RISKS

This section summarizes the findings of the LRA that was performed using conservative

assumptions to bound risks to a livestock indicator receptor. The BRA, which details the methods,
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assumptions, and findings of the bounding LRA, is provided as Appendix A and summarized in
Section 6.0. The preliminary LCOCs (based on the results of the LRA) for the Tier I and Tier II
LRA are presented in Table 6-30 and the Tier II results are summarized in Table 7-4.

Risk to Livestock. NOAEL-based Tier II HQQ estimates for beef cattle exposed to soil, upland
vegetation, and surface water at the Site and background locations are below 1 for all LCOCs and,
therefore, no adverse effects to livestock are anticipated. It should be noted that sheep deaths have
occurred at the Site on one occasion, but that was in association with sheep entering an
unauthorized area (i.e., an unreclaimed pit at the Site) which had selenium hyperaccumulator plant

species growing in the marginal soils developed on the pit bottom.

Information to Support the FS. The nature and extent of contamination at the Site and the
potential hazards posed to livestock have been sufficiently bounded to evaluate remedial alternatives
in the FS. The FS process to evaluate remedial technologies and select alternatives will be consistent

with USEPA guidance (1988) and the RI/FS SOW.

7.5 SUMMARY OF FINAL COCs/COECs

Table 7-5 presents the list of COC/COECs in each Site medium. These COCs/COECs ate
developed based on the following criteria:
e Analytes identified as risk drivers in the BRA — preliminary COCs/COECs (Section 6.0 and
Tables 7-1 to 7-4)

e Analytes that exceeded regulatory benchmarks (screening criteria) — surface water and
groundwater (Sections 4.4 and 4.5)

e Analytes that exceed background levels at the Site — soil, sediment, and vegetation.

e Evaluation of spatial and temporal concentration trends (e.g., are elevated concentrations
sporadic, anomalous, or occur at a location that is otherwise unaffected while impacted Site
location have lower concentrations).

The COCs/COEC:s identified in Table 7-5 will be used in the FS evaluation of each medium to
determine the most viable technologies for remediation. The analytes by medium that are either
eliminated from or added to the list of preliminary COCs/COECs identified in the BRA are
summarized below.

e Upland Soil/Waste Rock — All preliminary COCs/COECs identified as risk-drivers in the
BRA are included as COCs/COEC:s.
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e Riparian Soil — All preliminary COCs/COZECs identified as risk-drivers in the BRA are
included as COCs/COEC:s for evaluation in the FS. In addition, riparian soil and sediment
will be combined in the FS; therefore, the COCs/COECs in sediment will be applied to
riparian soil.

e Sediment — All preliminary COCs/COECs identified as risk-drivers in the BRA are included
as COCs/COEGC:s for evaluation in the FS. In addition, the COCs/COECs in riparian soil
also will be applied to sediment.

e Surface Water — Aluminum, barium, boron, and manganese are eliminated as COECs based
on background concentrations as described in Section 4.4. In addition, nickel, thallium and
zinc are eliminated as COECs based on limited exceedances of screening critetia/regulatory
standards (one or two sampling events at two locations including a small seasonal pond
[MSPO055]). Uranium and vanadium are not retained for further evaluation of COECs due to
limited detections above the ecological risk criteria and lack of promulgated criteria or
ARARs. Exceedances of ecological risk criteria by these metals were often reported from
on-Site pond, spring, and seep stations that will be further evaluated in the FS for metals
retained as COCs/COECs. Arsenic, cadmium, and selenium (identified as risk-drivers in the
BRA) are included as COCs/COECs for evaluation in the FS.

e Groundwater — Arsenic, cobalt and thallium, were identified in the BRA as preliminary risk
drivers. However, these metals are eliminated as COCs as elevated concentrations are
isolated and they do not exceed the regulatory-based screening criteria. Both cadmium and
selenium are not identified as risk-drivers in the BRA; however, both of these analytes

exceed screening criteria/regulatory standards and are considered COCs for evaluation in the
ES.
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TABLE 2-1

HENRY SITE WASTE ROCK DUMP AND MINE PIT AREAS AND VOLUMES

Waste Rock

Dump/ Net Fill® Net Cut® 2D Area® 3D Area®

Mine Pit (cu. yd.) (cu. yd.) (sq. ft.) (sq. ft.)
MWDO085 2,500,000 2,850,000 2,890,000
MWDO086 11,200,000 12,100,000 12,400,000
MwWDO087 6,570,000 3,760,000 3,870,000
MWDO088 3,650,000 3,190,000 3,260,000
MWDO090 8,390,000 4,340,000 4,480,000
MMP0416) 6,500,000 4,230,000 4,900,000
MMP042 837,000 1,640,000 1,700,000
MMP043 11,500,000 6,140,000 6,610,000
MMP0446) 13,600,000 3,960,000 4,640,000
TOTAL 32,300,000 32,400,000 42,200,000 44,800,000

Acres: 969 1,030

Notes:

Calculated areas and volumes have been rounded to three significant figures.

(1) - Fill volumes and areas are for the external waste rock dumps; the portion of the dump within mine
pit boundaries is not included.

(2) - Net cut volume is from below original grade and does not include backfilled volume of the mine
pits.

(3) - 2D area is the area in a horizontal map view.

(4) - 3D area is the surface area that accounts for the topography.

(5) - Pits MMP041and MMP044 contain un-backfilled volume.

--- = not applicable

TABLE 2-2
ENOCH VALLEY SITE WEATHER STATION METEOROLOGICAL DATA?
Jan Feb Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec | Annual
Avg. Monthly
Precipitation | 2.34 | 199 | 151 | 1.58 | 226 | 1.70 | 0.51 | 1.04 | 1.30 | 1.65 | 1.36 | 1.75 19.0
(in.)
Avg. Monthly
Min. -129 | -114 | -730 | 6.97 | 204 | 26.7 | 343 | 325 | 227 | 11.8 | 1.98 | -13.7 9.34
Temperature
(°F)
Avg. Monthly
Temperature | 16.0 | 19.2 | 26.3 | 349 | 460 | 544 | 64.8 | 60.2 | 493 | 38.1 | 28.5 | 19.8 38.1
(°F)
Avg. Monthly
Max. 418 | 445 | 524 | 648 | 740 | 814 | 89.1 | 86.9 | 81.3 | 68.4 | 553 | 43.9 65.3
Temperature
(°F)
Notes:

a - Data is derived from the Enoch Valley Site weather station climate readings compiled from 1997-2000 and 2005-2008.




TABLE 2-3
HENRY SITE SURFACE WATER DISCHARGES

Year Long Valley Creek Little Blackfoot River Lone Pine Creek
MST050() | MST051@ [ MST044® | MST045*) | MST234 |MST063 | MST057 | MST054
2004 - Dry 1.82 1.79 7.1 - 0.044 0.19
2006 0.88 Dry - - 23.0 0.03 0.939 -
2007 0 Dry 25 2.2 10 0.0066 | 0.1824 0.37
2008 [ 0.0013 Dry 4.8 6.5 12 Dry | 0.50813 | 0.95
g:l?]‘;?f' 2009 | 1.14 0.019 33.9 36.4 N 0.0094 | 2.69 -
Discharge | 2010 0.02 Dry 4.83 6.04 - 0.021 0.31 -
(cfs) 2012 0.13 Dry 8.38 711 - 0.0053 | 0.00086 -
2013 0.15 Dry 7.84 8.89 - 0.012 | 0.10646 -
2014 | 0.0024 Dry 8.72 9.72 - 0.017 0.214 -
2004 - - - - - - - -
2006 - - - - - - - -
2007 0 Dry 1.5 15 7.0 Dry 0 0.13
2008 - Dry 0.59 0.80 75 Dry | 0.00337 | 0.26
BQZZ;JI?:N 2009 N - 2.79 1.9 N N N -
Discharge | 2010 - - 1.97 2.6 - - - -
(cfs) 2012 - - 3.12 4.47 - - - -
2013 - - 1.3 1.29 - - - -
2014 - 1.64 1.12 - - - -
Notes:

(1) MSTO50 is located approximately 1000 feet upstream of the Site on Long Valley Creek.
(2) MSTO051 is located immediately downstream of the Site on a tributary to Long Valley Creek.
(3) MSTO044 is located immediately upstream of the Site
(4) MSTO045 is located immediately downstream of the Site
cfs = cubic feet per second
Dry = no water present
0 = water present but there was no observed flow or flow was so small as not to be measurable with standard
equipment.
-- = Location not included in sampling program for this year.
e Stations are arranged with upstream locations listed first.
¢ Runoff measurement are typically in May and baseflow measurements are typically in September.
e Monitoring locations shown on Drawing 2-1.




TABLE 2-4
HENRY SITE SPRING AND SEEP DISCHARGES

vear Dump Seeps Springs
MDS016 MDS022 MDS034 MSG002
2004 N/A 0.0011 -- Dry
2006 0.0088 0.036 -- 0.011
Annual Runoff 2007 <0.0001 0.014 -- 0.00096
Discharge 2008 -- N/A N/A Dry
(cfs) 2009 -- -- 0 --
2010 -- -- N/A -
2013 -- -- 0.0015 --
2014 -- -- 0.0033 --
2004 -- -- -- --
Annual Baseflow 2006 Dry 0.09 -- 0.0062
Discharge 2007 Dry 0.0015 -- Dry
(cfs) 2008 Dry 0.016 Dry 0.0036
2012 -- -- Dry --

Notes:

cfs = cubic feet per second
Dry = no water present

N/A = Site sampled, but a flow measurement was not collected.
0 = water present but there was no observed flow or flow was so small as not to be measurable with
standard equipment.
-- = Location not included in sampling program for this year.

TABLE 2-5
HENRY SITE SPRING, SEEP, AND STREAM
HEADWATER RECESSION CONSTANT (K) VALUES

Average Final
MDS016 0.932 0.932
MDS022 0.990 1.014
MSG002 0.992 0.989

Notes:

Average — the average recession constant of each time-step on the

hydrograph.

Final — the recession constant for the final time-step in the

hydrograph.

The recession constant K is unitless




TABLE 2-6

HENRY SITE PONDS

Approx.
Area Potential Overflow
Pond Site ID (acres) | Perennial Location Use/Features
Hen In Lone Pine Creek
Y MSP014 5.8 Yes watershed but no No riparian vegetation.
Pond
observed outfall.
Smith In Little Blackfoot Adjacent to Henry haul road,
MSPO015 1.3 No River watershed but supports some willows, used by
Pond .
no observed outfall. livestock.
In Little Blackfoot
center | \ispo1e | 0.71 Yes River watershed but |  ColoW Waste rock, supports few
Pond willows.
no observed outfall.
South Pit MSPO55 0.12 No Closed basin Open pit pond, sm'all, no riparian
Pond vegetation.




TABLE 2-7

GENERALIZED STRATIGRAPHY OF THE PROJECT AREA!

HYDROGEOLOGIC

AGE FORMATION MEMBERS GENERAL DESCRIPTION
CHARACTERISTICS ?
ALLUVIUM
O - . .
5 Quaternary (Qal and Qw) Alluvium or colluvium. Supports local groundwater flow system.
N
5 - -
) Quaternary/ BASALT Can support intermediate groundwater
L . - Basalt flows, basalt ash. flow system where fractured, but
o Tertiary (Qb)
generally supports local systems.
THAYNES Mostly limestone with sandstone Typically, supports intermediate
Several Members |layers. Some siltstone and shale ’
(k) members groundwater flow system.
Gray, fossiliferous limestone Typically. supports intermediate
Q Upper Unit interbedded with olive-brown ypicaly, supp
o) . groundwater flow system.
'C\)I Triassic calcareous siltstone.
D Reddish-brown siltstone and
% DINWOODY FM Woodside Shale |shale. Discontinuous in the mine |28 N0t support groundwater flow
(kRd) system.
area.
Olive-brown calcareous siltstone Tyvoicallv supports intermediate
Lower Unit  |and shale with thin-bedded ypically Supp
. groundwater flow system.
limestone.
Retort Phosphatic |Phosphatic shale. Discontinuous |Does not support groundwater flow
Shale in area of Site. system. Low hydraulic conductivity layer.
Thin-bedded dark-brown to black
- Does not support groundwater flow
Cherty Shale |cherty mudstone, siliceous shale . .
} system. Low hydraulic conductivity layer.
and argillaceous chert.
. PHOSPHORIA FM Thick-bedded black to white chert . .
Permian ) May support isolated groundwater flow in
(Pp) Rex Chert with some mudstone and some .
. highly fractured areas.
limestone lenses.
Dark-brown to black mudstone,
Meade Peak . .
. limestone and phosphorite. Does not support groundwater flow
Phosphatic Shale . ) . .
Meade Peak member is typically |system. Low hydraulic conductivity layer.
(Ppm) mined.
8 Light gray dolomite and cherty
8 ; .
o PARK CITY FM?3 Qrandeur dglomltg with sgme sandst.one. Does not appear to be present at the Site.
w Limestone Discontinuous in area of Site.
E Mapped with Wells Fm.
Perm|an/‘ Upper Unit Light gray to redd|§h-brown Supports groundwater flow systems,
Pennsylvanian (Pwu) sandstone, some interbedded which mav be regional
WELLS FM limestone and dolomite. Y 9 '
(Pw) ) Il\iﬂrsglslzcr;ge::g: ?r:?;ggggtg d Supports groundwater flow systems,
Lower Unit (P1) ’ which may be regional.
sandstone.
Light gray limestone with
BRAZER OR 2212?::;? ivai?r?St;neénd reen
Mississippian [ MONROE CANYON | Brazer Limestone shale Y grey 9 Does not outcrop in the vicinity of the Site.
FM (Mb) Not exposed or intersected by
drilling in the area of the Site.
Notes:

1. Stratigraphy based on Ralston, et al., 1980 and Ralston, et al., 1983.
2. Notes on hydrologic characteristics are based on several sources of information. Information not available for all units.
3. Often mapped as part of the Wells Formation.




TABLE 2-8

HYDRAULIC CONDUCTIVITY TESTING RESULTS FOR SITE
MONITORING WELLS

Units MMWO011 MMWO014 MMWO023 MMWO028
Formation: Wells Alluvium Wells Dinwoody
Hvdral ft/sec 2.0E-05 1.9E-05 6.6E-04 1.0E-03
yaraulic ft/day 1.7E+00 1.6E+00 5.7E+01 8.6E+01
Conductivity
cm/sec 6.1E-04 5.8E-04 2.0E-02 3.0E-02
TABLE 2-9

OCTOBER — APRIL PRECIPITATION AT BLACKFOOT

BRIDGE AND ENOCH VALLEY MET STATIONS

Precipitation (inches)

Blackfoot Bridge Enoch Valley
Water Year Mine Mine
2004/2005 10.85 13.31
2005/2006 11.91 18.41
2006/2007 8.88 13.08
2007/2008 5.94 13.93
2008/2009 9.51 18.60
2009/2010 6.74 12.92
2010/2011 12.10 24.71
2011/2012 8.15 13.77
2012/2013 6.94 14.53
TABLE 2-10

TRACE ELEMENT CONCENTRATIONS IN MEADE PEAK MEMBER AND TYPICAL SHALE

Average Concentrations in Meade Peak
Section Average Concentration for Typical Shale

Element (mg/kg or ppm) (mg/kg or ppm)
Selenium 39 to 68 0.8
Cadmium 22to 112 0.3
Chromium 525 to 1470 100

Silver 4to 14 0.1
Uranium 26 to 108 3

Zinc 763 to 3,349 150




TABLE 2-11

SUMMARY STATISTICS FOR MEADE PEAK MEMBER SAMPLES

Sample RI Soil
Standard Count Background
Element Mean Deviation Minimum Maximum (n) Level
Arsenic 26 31 5 400 209 15.6
Cadmium 59 88 1 590 278 41.0
Chromium 1,038 1,064 21 10,000 279 410
Cobalt 9.2 9.9 1 108 212 13.0
Copper 86 75 1 540 279 51.9
Molybdenum 49 920 1 694 276 29.0
Nickel 206 193 10 1,400 279 220
Selenium 61 68 0.7 406 216 29
Silver 5.1 49 1 36 225 1.70
Uranium 51 54 <100 328 180 36.0
Vanadium 538 926 12 11,000 279 300
Zinc 1208 1,440 13 9,400 279 1200
Notes:

All concentrations in mg/kg.

Data and statistics from Perkins and Piper (2004).

Sample analysis by ICP-AES or ICP-MS except for selenium and arsenic which were by hydride generation-

AAS.
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TABLE 3-1
HENRY SITE RI SAMPLING SUMMARY

Groundwater

IDirect Push Groundwater
Salmonids

Forage Fish

Benthic Macroinvertebrates
Riparian Soil

IRiparian Vegetation

Bird Eggs

Elk

< [Cattle

=g
=g

¢ [Surface Water
1t ISmall Mammals
= [Terrestrial Invertebrates

* fSediment
** lUpland Soil

Pre-2004
May 2004
June 2004
July 2004 - - - - - - - - - 52
August 2004 - - - - - - - - - -
September 2004 | 5 - - - - - - 28 28 -
October 2004 - 3
June 2005 - 3 - - - - - - - -
2
2

N
N
N
1
N
N
(=]
E]
w
'
'
1

1

]

1

1

1

1
N
~

1

1

= = = & = = w%|upland Vegetation

October 2005 -
May 2006 18
May 2007 11 - - - - - - - - - - - - - - R
September 2007 7 5

October 2007 - 4 - - - - - - - - - - - - - R
May 2008 10 9 1

June 2008 - - 9 - - - - - - - - - - - - -
September 2008 9 10 - - - - - - - - - - - - - -
May 2009 6

June-July 2009 - 7 - - - - - - - 70 124 - - - - -
August 2009 - - - - - - - - - - 20 - - - - -
September 2009 2

May 2010 5 6 - - - - - - - - - - - - - R
August 2010 - - 3 - - - - - - - - - - - - R
September 2010 - 1 - - - - - - - - - - - - R R
Sept.-Oct. 2010 7 - - 5 - - - 5 - - - - - - - -
July-Aug. 2011 - - - - - - - - - - - - - - - -
May 2012
September 2012
April-May 2013
September 2013
May 2014
September 2014

N NN NN O
»
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Notes:

The total numbers of stations sampled per sampling event are provided.

# - Data were collected in the Site area during regional studies, but for these media the data have not been validated
for use in the RI.

¢ - A large number of elk and bird egg data were collected in 1999 — 2001 and these data are available for risk
evaluations if needed. In addition, a study of cattle was conducted at the Henry Mine, which may have relevance to
the Site RI and BRA.

0* - Fish sampling was conducted but no salmonid fish were located in the Site area.




TABLE 3-2
SUMMARY OF ANALYTICAL PARAMETERS BY MEDIUM
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Antimony
Arsenic

Barium

Beryllium
Boron

Cadmium

Calcium

Chloride
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Copper

Fluoride

Gross Alpha
Gross Beta

Iron

Lead

Magnesium

Manganese
Mercury

Molybdenum
Nickel

Nitrite/Nitrate as N




TABLE 3-2
SUMMARY OF ANALYTICAL PARAMETERS BY MEDIUM (continued)

Page 2 of 2
w
8~ | 33
TS| T g = n
[ < e < g o S )
o - N 0N = g k=]
© £ =2 8| =& = © a
= | 5 |8%|12%) |z|g|- 8|, |s| E
() S o 5 o 5 ((/3) g S 3 %) ) o *
& c 5 | g < | ¢ n | > |8 | T >
8 S Q3 Q3 = = = = o c =
S < 22|22 |le|€|2|28 |8 || o|E£0 |0 |uwW
D b} ao0|l80 |5 (8|8 | &8 |8 |E | S |E g = | = | .
T/o|T]o|T[olT[o| @ |F|z|S/5|8 |5 |8S|8|5|F
Nitrogen - Kjeldahl X| - X| = |-|-|-|-1- - - - - - - - - - -
Phosphorus e e B I I S B I - - - - - - - X - -
Phosphorus (ortho) - | X |- | X |=]-|-|-| - - - - - - - - - -
Potassium X| X | X | X |=|-|-|-1- - - - - - - - - - -
Selenium X | X[ X[ X[|-|X[XIX| X ]| X | X | X]| X | X]|X X X | X | X
Selenium (extractable) - - =-|=-|-|-|-1 - - - - - - - - - - -
Selenium (selenite) - - - X |=]=-|-|-| - - - - - - - - - - -
Selenium (selenate) - - - X === - - - - - - - - - - -
Silver X X[ X | X |-|-|-|-|X]X - X | X - - - - - -
Sodium X| X | X | X |=|=-|-|-1- - - - - - - - - - -
Sulfate - X - X |- == X]| - - - - - - - - - - -
Total Dissolved Solids (TDS) X | X[ X | X |=-|-|X]|-] - - - - - - - - - - -
Thallium X| X | X | X |=-]-|-]-] X ]| X - X | X - - - - - -
Total Organic Carbon (TOC) X| - X|=-=]-]-|-]-]X X -- X X -- -- -- -- -- --
Total Alkalinity X X[ X | X |=|=-|-]|-]- - - - - - - - - - -
Total Suspended Solids (TSS) - - =-|=-|-|-|-1 - - - - - - - - - - -
Uranium X X[ X | X |-|-|-|-|X]X - X | X - - - - - -
Vanadium X X[ X | X |-|-|-|-|X]X - X | X | X | X - - - -
Zinc X| X | X | X |=-]-]-]-] X ]| X X | X | X | X - X -
Number of Sample Events 17 117 |15 |15 (3 |3 |1 |1 2 2 2 2 2 1 1 1 1 3 2

Notes:
T - Total Fraction, D - Dissolved Fraction

X - Constituent was analyzed for in at least one event that the medium was sampled

-- - Never sampled for in this medium




TABLE 3-3

HENRY SITE SURFACE WATER MONITORING LOCATIONS

# of

Location Type Description Years Sampled Samples
Lone Pine Creek Drainage
MST054* Stream Lone Pine Creek 04, 07, 08 5
MSTO055* Stream Lone Pine Creek 04 1
MST056 Stream Lone Pine Creek 06 1
MSTO057* Stream W. Fork above Lone Pine Creek 04, 06-10, 12-14 11
MST058* Stream Lone Pine Creek 04, 06 3
MST062* Stream Strip Mine Creek below mine 04 1
MST063* Stream Strip Mine Creek below mine 04, 06-07, 09-10, 12-14 8
MST064* Stream W. Fork above Lone Pine Creek 04, 06 3
MST226 Stream Tributary to Lone Pine Creek 06, 12-14 4
MST275* Stream Tributary to Lone Pine Creek 04, 06, 10, 13,14 6
MST276* Stream Tributary to W. Fork Lone Pine Creek 04, 06-08 7
MST280 Stream Creek across MWDO088 08 1
Long Valley Creek Drainage
MSTO051 Stream E. Fork Long Valley Creek below mine 09 1
MST271 Stream Long Valley Creek below E. Fork 06 1
Mine Area
MSG002 Spring Taylor Spring 06-08 3
MDSO016* | Dump Seep | Dump Seep 04, 06, 07 3
MDS022* | Dump Seep | Dump Seep (Limestone Drain) 04, 06-08 7
MDS034 | Dump Seep | Dump Seep #3 08-10, 13, 14 5
MSP014* Pond On waste rock dump MWDO085 04, 06, 08, 10 4
MSP015* Pond On waste rock dump MWDO086 04, 06, 10 3
MSP016* Pond On waste rock dump MWDO085 04, 06, 10 3
MSP055* Pond South Pit Pond 04, 06-08 4
Little Blackfoot River
MST052 Stream Henry Creek, above Little Blackfoot 06 1
MST053* Stream River, below Enoch Valley Creek 04, 10 2
MST234* Stream River immediately above Blackfoot Res. 04, 06-08 6
MST043* Stream River below Long Valley and mine 04 1
MST044* Stream River immediately below mine 04, 07-10, 12-14 15
MST045* Stream River above Henry Creek and mine 04, 07-10, 12-14 15
MST046* Stream River, below Enoch Valley Creek 04 1
MST047* Stream River, above Enoch Valley Creek 04 1

Total Samples Collect Between 2004 — 2014 127
Notes:

*Denotes station where sediment samples were collected in 2004 or 2010.




TABLE 3-4

HENRY SITE GROUNDWATER MONITORING LOCATIONS

Years # of
Location Type Description Sampled Samples Notes
Alluvial Direct-Push Borehole Wells
MBW152 | 1”M.Well [ North Henry Mine, Along Little Blackfoot River | 09-10, 12-14 | 5
Monitoring Wells
MMWO003 2" M. Well | South of Henry Mine north pit (MMP043) -- 0 Abandoned
MMW004 2" M. Well | North of Henry Mine north pit (MMP043) 04-09
» Southeast of Center Henry Pit;

MMWO010 2" M. Well near MPW023 07-10, 12-14 10

2" M. Well | Northwest of Center Henry Pit;
MMWO11 south of Little Blackfoot River 07-10, 12-14 8

2" M. Well | Southeast of Henry Mine center
MMWO014 pit in Lone Pine Creek alluvial 07-09 4

flow field

MMWO019 2’ M. Well | North of Henry Mine center pit 07-09 4

2" M. Well | Northeast lobe of Henry Mine
MMW022 waste rock dump MWD086 07-10, 12-14 8
MMW023 2" M. Well | Henry Mine North Pit (MMP041) 07-10, 12-14 8

2” M. Well | Near the Little Blackfoot River
MMW028 northwest of MMW019 08-10, 12-14 6

Agricultural, Domestic, and Production Wells
MAWO001 Agricultural | School Bus Well 04, 08, 12 3 Background
MAWOQO03 | Agricultural | (b) (6) Field Well 04, 08, 12 3 Background
MAWO004 Agricultural | Dredge Field Well 04, 08 2 Background
MAWO006 Agricultural | (b) (6) Field Well West 04, 08, 12 3 Background
MAWO007 Agricultural | (b) (6) Field Well North 04, 08 2 Background
MDWO001 Domestic | (b) (6) House Well 04, 08, 12 3 Background
MDWO003 Domestic | (b) (6) House Well 04, 08, 12 3 Background
MDWO005 Domestic Cedar Bay RV Park Well 04, 08, 12 3 Background
MPW022 Production | South Henry Pit dewatering well 04-08 8
MPW023 Production | Center Henry Pit dewatering well 04-08 5
Notes:

Sample coordinates are provided in the RI/FS Work Plan Appendix A




TABLE 3-5

HENRY SITE MONITORING, DIRECT-PUSH, AND OTHER WELL DETAILS

Ground Depth Water Depth to Well Screened
Surface Boring | Encountered Formation Completion Interval
Date Formation | Elevation TD when Drilling Contacts TD [Length]
Well ID Well Location Installed Screened (ft-AMSL) | (ft bgs) (ft bgs) (ft bgs) (ft bgs) (ft bgs)
North Henry Mine, Along : : . 15-10
MBW 152 Little Blackfoot River 5/12/2009 Alluvium 6280.00 15 7.5 0-Alluvium 15 [5]
South of Henry Mine North R
MMWO004 Pit (MMP043) Unknown Unknown NA 77 Unknown Unknown 55 No screen
Southeast of Center Henry : : . 32-12
MMWO010 Pit: near MPW023 9/9/2007 Alluvium 6462.62 38 17 0-Alluvium 32 [20]
Northwest of Center Henry 115-95
MMWO011 | Pit; south of Little Blackfoot 9/8/2007 Wells 6268.31 120 101 0-Wells 115 [20]
River
Southeast of Henry Mine 227
MMWO14 | center pit in Lone Pine 8/11/2007 Alluvium 6435.45 22 9 0-Alluvium 22 [15]
Creek alluvial flow field
MMWO019 Ei‘:rth of Henry Mine Center | ¢,10/2007 | Phosphoria | 6259.92 14 10 0-Phosphoria 14 1[1‘(')‘]"
Northeast lobe of Henry K )
MMW022 | Mine waste rock dump 7/28/2007 | Dinwoody | 663585 | 360 320,340 | O Vaste Rock 326 326-306
5-Dinwoody [20]
MWDO086
Henry Mine North Pit 0-Phosphoria 357-352
MMW023 (MMP041) 9/11/2007 Wells 6266.94 362 128, 188 350-Wells 357 [5]
0-Alluvium
Near the Little Blackfoot . 40-Basalt 96-76
MMW028 River northwest of MMW019 7/15/2008 | Dinwoody 6316.91 100 80, 100 63-Alluvium 96 [20]
70-Dinwoody
MPW022 VSVZ:fth Henry Pit dewatering 1980 Phos,‘;h"”a 6534.31 165 63 Unknown 165 Cajigf to
MPW023 V‘\:/Z;I‘ter Henry Pit dewatering | nnown | PSP | 645000 | 312 Unknown Unknown 312 Cajg‘g to

a Casing depth noted
ft-AMSL: feet above mean sea level
ft-bgs: feet below ground surface




TABLE 3-6

DIRECT-PUSH BOREHOLE COMPLETION DATA

Surface Elev. | Water Level | Total Depth
Borehole ID Date (ft-AMSL) (ft-BGS) (ft-BGS) Notes

BH029 5/22/2008 6440 Dry NA cored borehole
BHO30 5/22/2008 6447 Dry 15

BHO055 5/31/2008 6280 Dry 55 cored borehole
BHO56 6/01/2008 6273 Dry 18

BHO57A 6/01/2008 6276 Dry 6 refusal
BHO57B 6/01/2008 6273 Dry 4 refusal

BHO058 6/01/2008 6287 4 28 cored borehole
BHO059 6/01/2008 6312 23 25

BH060 6/01/2008 6286 Dry 13 refusal

BHO061 6/02/2008 6372 Dry 19 refusal

BH062 6/02/2008 6377 Dry 17 refusal

BHO063 6/02/2008 6391 20.5 20

BHO72 6/04/2008 6358 Dry 45 cored borehole
BHO73 6/04/2008 6444 4 20

BHO74 6/04/2008 6437 7 15

BHO75 6/04/2008 6401 Dry 10 cored borehole
BHO76 6/04/2008 6437 9 10

BHO77 6/04/2008 6430 1 10

BHO78 6/04/2008 6409 Dry 35 cored borehole
BHO79 6/04/2008 6378 NA 25

BH150 5/12/2009 6321 Dry 115 refusal

BH151 5/12/2009 6306 2 15

BH/MBW152 | 5/12/2009 6303 7.5 15 well: TD 15, screen 10-15

BH153 5/12/2009 6303 1.5 20

BH157 5/12/2009 6435 2 10

BH158 5/12/2009 6424 0.5 10

BH167 8/17/2010 NA 7 15

BH168 8/17/2010 NA Dry 30

BH169 8/17/2010 NA 7.5 13

BH170 8/17/2010 NA Dry 30

BH171 8/17/2010 NA 9 13

Notes:

NA = Not available
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TABLE 4-1
PRELIMINARY COC/COEC UPLAND SOIL CONCENTRATION SUMMARY

Analyte Arsenic Cadmium Chromium Copper Molybdenum Nickel Selenium Thallium Vanadium Zinc
Background’ 15.6 41.0 410 51.9 29.0 220 29.0 1.10 300 1200
MBH0022 6.6-9.0 0.572-1.15 17.2-23.1 21.2-28.7 <1.08-<1.15 22.8-27.2 0.477-1.26 0.139-0.163 22.2-271 57.7-93.1
MHRO002 7.2-45.5 19.4-59.5 70.2-332 22.9-168 3.87-28.7 78.5-293 7.45-57 1 0.839-2.22 77.1-556.2 407-944
MwWDO085 4.89-40.7 3.74-46.6 22.2-499 15.7-147 <1.14-26.2 26.4-282 <0.5-91.8 0.232-2.08 24.9-300 138-1220
MWDO086 4.0-334 2.13-48.9 19.9-456 11.1-148 <1.05-23.0 22.5-320 0.687-59.6 0.171-1.66 22.3-386 121-1240
MwWDO087 16.0-32.1 24.8-47.5 214-383 93.9-172 7.08-35.7 166-350 12.0-96.2 0.828-2.31 165-273 825-1430
MwDO088 7.92-44.5 6.33-58.2 40.3-501 35.0-135 1.41-28.4 41.9-345 2.62-55.4 0.333-1.91 38.7-584 199-1320
MWDO090 7.89-34.9 12.6-45.5 41.9-519 26.4-148 4.27-23.8 88.9-425 8.45-318 0.736-1.59 81.8-412 403-1610
Notes:

'Background levels for the P4 Sites were determined based on a 95% UTL as presented in Background/ Radiological Report (MWH, 2015b). Levels are inclusive of all soil
formed on all strata within the P4 Sites.

2Henry Mine site-specific background area. Data were included in the determination of P4 Sites background (MWH, 2015b)

Concentrations in mg/kg.

Shaded results indicate those which ranges contain exceedances of a background level.

Complete data table is provided in Appendix B, Table B-1.

MBH — mine background Henry

MHR — mine haul road

MWD — mine waste rock dump




TABLE 4-2

RADON FLUX DATA AND CALCULATED INDOOR AIR

CONCENTRATIONS
Converted
Indoor Air
Radon-222 Radon
Radon-222 Uncertainty Concentration
Field ID pCi/m?-s pCi/m?-s (pCi/L)
1410-H1 3.55 0.16 5.20
1410-H2 9.10 0.21 13.33
1410-H3 1.58 0.13 2.32
1410-H3 Dup 3.17 0.12 4.64
1410-H4 4.83 0.16 7.07
1410-H5 2.73 0.13 3.99
1410-H6 5.58 0.14 8.17
1410-H7 3.44 0.14 5.04
1410-H8 6.73 0.16 9.85
1410-H9 3.97 0.12 5.81
1410-H10 2.01 0.09 2.94
1410-H11 1.35 0.08 1.98
1410-H11 Dup 2.79 0.14 4.08
1410-H12 3.41 0.08 5.00
1410-H13 3.28 0.15 4.81
1410-H14 7.74 0.18 11.32
1410-H15 3.34 0.15 4.89
Notes:

pCi/m2/s — picoCuries per meter squared second

pCi/L — picoCuries per liter
Dup - duplicate




TABLE 4-3

PRELIMINARY COC/COEC UPLAND VEGETATION — GRASS AND FORBS CONCENTRATION SUMMARY

Analyte Arsenic Cadmium Molybdenum Selenium Thallium Uranium
Background NC 1.70 5.78 3.41 0.0163 0.162

<0.0238- <0.00924- <0.09924-
MBHO002 <0.0713-6.67 0.483 <1.49-2.87 0.241-1.12 <0.00998 <0.0998
MHRO002 <0.073-1.53 0.553-3.7 <1.46-18.8 1.27-49.0 0.0958-0.664 <0.1-0.173
MWDO085 <0.075-0.248 0.587-5.08 5.55-58.4 0.717-19.2 0.0848-0.24 <0.0924-<0.1
MWDO086 <0.0744-0.61 0.254-1.66 4.74-13.3 0.765-46.0 0.0163-0.235 | <0.0928-<0.0992
MWDO087 <0.0749-1.28 0.654-5.29 10.2-125 0.451-146 0.0587-0.713 <0.0998-0.207
MWDO088 <0.0749-0.988 0.444-2.91 1.53-14.9 0.472-20.2 <0.01-0.461 <0.1-1.27
MWDO090 <0.0697-1.2 0.361-2.61 2.33-24.9 1.15-139 0.0264-0.426 | <0.0917-<0.178

Notes:

'Background levels were calculated using the 95% USL
Concentrations in mg/kg dry weight.

Shaded results indicate those which ranges contain exceedances of background level.

Complete data table is provided in Appendix B, Table B-2.
NA = not available
NC = not calculated




TABLE 4-4

2009 SEASONAL FORB SELENIUM AND MOLYBDENUM CONCENTRATIONS

Sample
Location Selenium Diff. Molybdenum Diff.
Spring Fall Spring Fall Fall

MBH002-05 0.518 1.63 215% <1.48 <1.47 -1%
MBH002-08 0.291 0.832 186% <1.49 <1.47 -1%
MBH002-10 0.492 0.392 -20% <1.50 1.91
MHRO002-04 2.58 1.28 -50% 3.06 1.56 -49%
MHRO002-10 49.0 410 -92% 13.1 2.91 -78%
MWDO085-02 2.31 2.48 7% 7.53 54 -28%
MWDO085-03 6.29 9.81 56% 15.9 10.9 -31%
MWDO086-07 217 4.82 122% 9.59 10.7 12%
MWDO087-06 0.856 7.56 783% 110 3.78 -97%
MWDO088-02 20.2 5.61 -12% 7.24 6.87 -5%
MWDO088-09 3.36 3.29 -2% 5.05 1.71 -66%
MWDO090-02 2.77 2.62 -5% 2.95 4.47 52%
MWDO090-04 67.6 69.1 2% 22.1 23.8 8%
Notes:

Concentrations in mg/kg dry weight.
Background level for selenium is 3.41 mg/kg and for molybdenum is 5.78

mg/kg.

Shaded results indicate those which are seasonally higher.
Complete data table is provided in Appendix B, Table B-2.




TABLE 4-5
CULTURALLY SIGNIFICANT VEGETATION SAMPLE CONCENTRATIONS
AND EXCEEDANCES!

Selenium Uranium
(mg/kg dw) (mg/kg dw)
Background Level 3.41 0.162
Background Locations
MBHO002 JUSC-LEAF 0.181 <0.0988
MBH002 JUSC-STEM 0.192 <0.0963
Waste Rock Dump Locations
MWDO086 POTR-LEAF 5.26 <0.0984
MWDO086 POTR-STEM 1.23 <0.0986
MWDO086 ARTR-LEAF 0.643 <0.0986
MWDO086 ARTR-STEM 0.504 <0.0986
MWDO087 ARLU 1.78 <0.0978

Notes:

mg/kg dw — milligram per kilogram dry weight

ARLU - white sagebrush (Artemisia ludoviciana)

ARTR - big sagebrush (Artemisia tridentata)

JUSC - Rocky Mountain juniper (Juniperus scopulorum)
POTR - quaking aspen (Populus tremuloides)

Shaded results indicate an exceedance of background levels.

<0.0### = Concentration less than or equal to the method detection limit
shown.
Complete data table is provided in Appendix B, Table B-2.




TABLE 4-6

RIPARIAN SOIL AND SEDIMENT PRELIMINARY COC/COECs CONCENTRATIONS IN SITE PONDS

Riparian Sampling Event
Soil Sediment | Riparian Riparian
Bckgrnd | Bckgrnd. Soil Soil Sediment Sediment
Pond Analyte . Value Value Spring 04 | Fall 2010 | Spring 2004 | Fall 2010
Selenium 2.03 1.48 11.5 -- 18.9 4.9-46.2
Cadmium 5.02 417 5.78 -- 21 2.6-28.1
Chromium 43.3 38.1 48.4 -- 222 23.1-144
Copper 24.3 25.5 23.3 -- - 27.5-46.6
MSPO014 | Molybdenum 0.653 0.500 3.25 -- -- 2.2-10.8
Nickel 29.6 28.7 42.6 -- 104 27.5-148
Uranium 3.85 2.37 -- -- -- 2.9-30.2
Vanadium 57.9 491 65 -- 181 35.4-174
Zinc 180 166 231 -- 621 126-979
Selenium 2.03 1.48 24 -- 22 26.5-43.4
Cadmium 5.02 417 5.67 -- 10.5 11.9-22.9
Chromium 43.3 38.1 46.2 -- 53 52.2-77.4
Copper 24.3 25.5 21.8 -- -- 32.9-68.8
MSP015 | Molybdenum 0.653 0.500 1.41 -- -- 3.0-5.3
Nickel 29.6 28.7 48 - 85.6 95.2-165
Uranium 3.85 2.37 - -- - 7.2-12.6
Vanadium 57.9 491 66.1 -- 66 65.4-101
Zinc 180 166 268 -- 602 663-1380
Selenium 2.03 1.48 45 -- 54 21.3-96.9
Cadmium 5.02 417 20.5 -- 41.5 5.18-54.9
Chromium 43.3 38.1 164 -- 342 47.7-320
Copper 24.3 25.5 27 -- - 27.2-57.3
MSP016 | Molybdenum 0.653 0.500 59 -- -- 1.4-5.0
Nickel 29.6 28.7 86.5 -- 103 41.4-88.8
Uranium 3.85 2.37 -- -- -- 5.2-90.0
Vanadium 57.9 491 215 -- 507 59.7-440
Zinc 180 166 564 -- 975 171-608
Selenium 2.03 1.48 28 -- 148 --
Cadmium 5.02 417 67.3 -- 104 --
Chromium 43.3 38.1 467 -- 1030 --
Copper 24.3 255 56 -- - --
MSP055 | Molybdenum 0.653 0.500 14.8 -- - --
Nickel 29.6 28.7 251 -- 1110 --
Uranium 3.85 2.37 - -- - --
Vanadium 57.9 491 773 -- 940 --
Zinc 180 166 1600 -- 7940 --
Notes:

All concentrations in mg/kg.
--- = Analyte was not sampled during the event.
Orange shaded data exceed background level.
Complete data table is provided in Appendix B, Tables B-4 and B-5.




TABLE 4-7
RIPARIAN SOIL AND SEDIMENT PRELIMINARY COC/COEC CONCENTRATIONS IN SEEPS AND SPRINGS

Riparian Sampling Event
Soil Sediment Riparian Sediment
Seep/Spri Bckgrnd, Bckgrnd, | Riparian Soll Soil Spring Sediment
ng Analyte Value Value Spring 2004 Fall 2010 2004 Fall 2010
Selenium 2.03 1.48 7.8 - 9.7 -
Cadmium 5.02 417 16.1 - 12.7 -
Chromium 43.3 38.1 305 -- 137 --
Copper 24.3 25.5 46 - - --
MDS016 Molybdenum 0.653 0.500 7.5 -- -- --
Nickel 29.6 28.7 147 -- 123 --
Uranium 3.85 2.37 -- - - -
Vanadium 57.9 491 150 -- 103 --
Zinc 180 166 550 -- 371 --
Selenium 2.03 1.48 6.9 - 1.9 -
Cadmium 5.02 417 3.04 - 1.82 -
Chromium 43.3 38.1 24.9 -- 10.7 --
Copper 24.3 255 14.3 - - -
MDS022 Molybdenum 0.653 0.500 1.34 - -- --
Nickel 29.6 28.7 62.6 - 34.2 -
Uranium 3.85 2.37 -- - - -
Vanadium 57.9 491 47.7 -- 12.7 --
Zinc 180 166 143 -- 76 -
Selenium 2.03 1.48 -- - - -
Cadmium 5.02 417 - - -- --
Chromium 43.3 38.1 -- - -- --
Copper 24.3 25.5 - - -- --
MDS034 Molybdenum 0.653 0.500 - -- -- --
Nickel 29.6 28.7 -- -- -- --
Uranium 3.85 2.37 -- - - -
Vanadium 57.9 491 -- - -- --
Zinc 180 166 -- - - -
Selenium 2.03 1.48 <0.5 - - -
Cadmium 5.02 417 0.92 - - -
Chromium 43.3 38.1 29.5 -- - --
Copper 24.3 255 21.8 - - -
MSGO002 Molybdenum 0.653 0.500 0.56 - - -
Nickel 29.6 28.7 28 - - -
Uranium 3.85 2.37 -- - - -
Vanadium 57.9 491 42.7 -- - --
Zinc 180 166 73 - - --

All concentrations in mg/kg.

--- = Seep/spring or analyte was not sampled during the event.

<#.##H# = Analyte was not detected at or below the MDL.

Orange shaded data exceed background level.
Complete data table is provided in Appendix B, Tables B-4 and B-5.




TABLE 4-8
FUNCTIONAL USE OF HENRY MINE PONDS

Selenium
Tier Action Level

Pond Name Pond ID Classification (mg/L)

Henry Pond MSPO014 1 0.005

Smith Pond MSP015 2 0.05
Center Henry Pond MSPO0O16 1 0.005

South Pit Pond MSP055 3 0.201
Notes:

As reported in the function use survey (IDEQ, 2004b)




TABLE 4-9
SELENIUM, ARSENIC, CADMIUM, NICKEL, AND ZINC CONCENTRATIONS IN SITE PONDS

Sampling Event

Pond Analyte Spring 04 Spring 06 Spring 07 Spring 08 Fall 08 Fall 10
Selenium( 0.035 0.0737 - 0.00738 0.0053
Arsenic - 0.00117 - - - 0.00248
MSP014 | Cadmium 0.0002 0.00017 - <0.000125 0.000018
Nickel 0.0108 0.0068 - 0.00771 0.0048
Zinc 0.004 0.0117 - <0.005 0.0008
Selenium™ 0.153 0.38 - 0.0225
Arsenic <0.0005 - 0.00257
MSP015 | Cadmium <0.0001 0.0007 - 0.000077
Nickel 0.0035 0.0138 --- 0.0168
Zinc 0.002 0.04 - 0.003
Selenium™ 0.124 0.41 -—- - -—- 0.0105
Arsenic <0.0005 - 0.00253
MSP016 | Cadmium <0.0001 <0.0001 - 0.000027
Nickel 0.00373 0.0116 - 0.0062
Zinc <0.002 0.014 - 0.0012
Selenium( 0.97 0.34 0.36 0.53 Dry -
Arsenic <0.0013 0.0129 Dry ---
MSP055 | Cadmium 0.0303 0.0203 0.0352 0.0176 Dry -
Nickel 0.565 0.434 1.26 0.344 Dry -
Zinc 1.9 <0.01 4.73 1.79 Dry -

Notes:

(M = Selenium concentrations are total; all other results are dissolved concentrations.

--- = Pond or analyte was not sampled during the event.

<#.#### = Analyte was not detected at or below the method detection limit (MDL).

Concentrations in italics are triplicate averages.

Blue shaded selenium data exceed applicable FUIs action level.

Orange shaded data exceed comparison screening criteria which are: As = 0.0062 mg/L, Cd = 0.0013, Ni =0.17, Zn =
0.38 mg/L (aquatic life standards using assumed hardness of 400 mg/L where appropriate). Selenium action level is
discussed in preceding text.

Complete data table including validation flags is provided in Appendix B, Table B-6.




TABLE 4-10
SELENIUM, ARSENIC AND CADMIUM CONCENTRATIONS IN SITE SEEPS AND SPRINGS

Event: | Spring Fall Spring Spring Fall Spring Fall Spring Spring Fall Spring Spring
Station Analyte 2004 2004 2006 2007 2007 2008 2008 2009 2010 2012 2013 2014
MDS016 | Selenium™ | <0.001 - 0.018 <0.001 Dry - Dry - - - - -
Arsenic - --- 0.0006 --- --- --- - --- - --- - -
Cadmium <0.0002 0.0008 | 0.0002
MDS022 | Selenium(™ | <0.001 | <0.001 0.005 <0.001 | <0.001 | <0.001 0.0035
Arsenic - - <0.0005 - 0.0012 0.001 - --- - - - -
Cadmium <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.000125
MDS034 | Selenium(T) 0.14 Dry 0.0505 | 0.0475 Dry 0.101 0.0164
Arsenic - - - - - 0.0079 - --- - - - -
Cadmium 0.0005 0.0001 | <0.0003 <0.0003 | <0.0003
MSG002 | Selenium(T) Dry 0.001 0.012 Dry Dry 0.0161
Arsenic - - 0.0013 - - - - - - - - -
Cadmium <0.0001 | <0.0001 <0.000125

(M = Selenium concentrations are total, all other results are dissolved
concentrations.

--- = Seep/spring or analyte was not sampled during the event.

<#.### = Analyte was not detected at or below the MDL.
Orange shaded data exceed comparison screening criteria.

Comparison screening criteria are — As = 0.0062 mg/L, Cd = 0.0013, Se =

0.0031 mg/L (aquatic life standards using assumed hardness of 400 mg/L where
appropriate).
Complete data table is provided in Appendix B, Table B-6.




TABLE 4-11
RISK-BASED PRELIMINARY COCs® IN GROUNDWATER THAT DO NOT EXCEED
SCREENING CRITERIA

Background
Site Range Concentration @ Screening Criteria®
PCOC (mg/L) (mg/L) (mg/L)
Arsenic <0.0025 - 0.0043 0.00103 0.01/0.05
Cobalt <0.00025 - 0.01 0.000436 NA
Thallium <0.00005 — 0.0009 0.00020 0.002
Notes:

(1) — COC concentrations presented in the table are total (unfiltered) concentrations in
groundwater.

(2) — Background concentrations were provided in Table 2-11 of the Background Levels
Development Technical Memorandum (MWH, 2013). Level presented at 95% USLs for
background samples.

(3) — Regulatory screening levels are Federal MCLs except for arsenic where both the
lower Federal MCL and higher State Groundwater Standard are presented.

NA = A drinking water or groundwater standard has not been promulgated.




TABLE 4-12

TOTAL SELENIUM AND CADMIUM CONCENTRATIONS IN SITE BOREHOLES AND MONITORING WELLS

Event: Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring* | Spring | Spring
Station Analyte 2004 2004 2005 2005 2006 2007 2008 2008 2009 2009 2010 2010 2012 2013 2014

BHO030 Selenium - - --- - - --- <0.001 - - --- --- - - --- -
BHO58 Selenium --- --- --- --- --- --- <0.001 --- --- --- --- --- --- --- ---
BHO059 Selenium --- --- --- --- --- --- 0.041 --- --- --- --- --- --- --- ---
BHO63 Selenium --- --- --- --- --- --- 0.13 --- --- --- --- --- --- --- ---
BHO73 Selenium --- --- --- --- --- --- 0.003 --- --- --- --- --- --- --- ---
BH074 Selenium - - --- - - --- 0.031 - - --- --- - - --- -
BHO76 Selenium - - --- - - --- <0.001 - - --- --- - - --- -
BHO77 Selenium - - --- - - --- <0.001 - - --- --- - - --- -
BHO75 Selenium - - --- - - --- <0.001 - - --- --- - - --- -
BHO79 Selenium --- --- --- --- --- --- <0.001 --- --- --- --- --- --- --- ---
BH151 Selenium --- --- --- --- --- --- --- --- <0.0005 --- --- --- --- --- ---
BH153 Selenium --- --- --- --- --- --- --- --- 0.0055 --- --- --- --- --- ---
BH157 Selenium - - --- - - --- - - 0.018 --- --- - - --- -
BH158 Selenium - - --- - - --- - - 0.0318 --- --- - - --- -
BH167 Selenium - - --- - - --- - - - --- --- 0.0183 - --- -
BH169 Selenium - - --- - - --- - - - --- --- 0.0016 - --- -
BH171 Selenium --- --- --- --- --- --- --- --- --- --- --- <0.0005 --- --- ---

MBW152 | Cadmium <0.0003 <0.0006 | <0.0003 | <0.0003

Selenium 0.0054 0.0021 0.0023 | 0.0021 | 0.0019
MMWO004 | Cadmium | <0.0002 | <0.0001 | <0.0001 | <0.1 | <0.0001 | <0.0001 | <0.0001 | <0.000125
Selenium | <0.00 | <0.001 | 0.0013 | <0.001 | 0.0013 | 0.002 0.002 0.0025 0.0027

MMWO010 | Cadmium - - - --- -—- 0.0001 0.0021 0.0053 --- --- 0.0045 0.0042 | 0.00628 | 0.0045 0.0053

Selenium - - - - -—- <0.001 0.1 0.0182 0.0764 0.0191 0.105 0.0213 0.0976 0.219 0.166

MMWO011 | Cadmium 0.0007 0.001 0.0004 0.0006 <0.0006 | 0.0006 | 0.0007

Selenium <0.001 <0.001 0.0009 0.0021 0.0015 0.0012 0.001 0.0007
MMWO014 | Cadmium 0.0001 0.0001 <0.000125
Selenium -—- -—- - -—- -—- <0.001 <0.001 0.002 0.0017 - - -—- -—- - -—-
MMWO019 | Cadmium -—- -—- - --- -—- <0.0001 | <0.0002 <0.000125 -—- - - -—- -—- - -—-
Selenium -—- -—- - -—- -—- <0.001 0.004 0.0006 0.0054 - - -—- -—- - -—-

MMWO022 | Cadmium - -—- - --- -—- <0.0001 | <0.0001 <0.000125 - - <0.0003 -—- <0.0006 | <0.0003 | <0.0003

Selenium 0.0173 0.017 0.0175 0.0206 0.0215 0.0410 | 0.0456 | 0.0438

MMWO023 | Cadmium 0.0007 0.0015 0.0008 <0.0003 <0.0006 | <0.0003 | <0.0003

Selenium 0.003 0.004 0.0039 0.017 0.0017 0.0026 0.001 | <0.0005

MMWO028 | Cadmium -—- -—- - --- -—- - -—- <0.000125 | <0.000125 - <0.0003 -—- <0.0006 | <0.0003 | <0.0003

Selenium -—- -—- - -—- -—- - -—- 0.0026 0.0055 - 0.0031 -—- 0.0104 0.0043 0.0033
MPWO022 | Cadmium <0.0002 - <0.0001 <0.1 <0.0001 | <0.0001 | <0.0001 <0.000125 - - - -—- - - -—-
Selenium 0.003 - <0.001 | <0.001 | <0.001 <0.001 <0.001 <0.0005 -—- - - -—- -—- - -—-
MPWO023 | Cadmium <0.0001 | <0.0001 --- <0.0001 | <0.0001 | <0.000125
Selenium --- <0.001 <0.001 --- --- <0.001 <0.001 0.0007 --- --- --- --- --- --- ---

Continued on next page




TABLE 4-12

TOTAL SELENIUM AND CADMIUM CONCENTRATIONS IN SITE BOREHOLES AND MONITORING WELLS (continued)

Event: Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Fall* Spring | Spring
Station Analyte 2004 2004 2005 2005 2006 2007 2008 2008 2009 2009 2010 2010 2012 2013 2014
MAWO001 | Cadmium | <0.0002 <0.0001 <0.0006
Selenium | <0.001 0.002 0.00493
MAWO003 | Cadmium | 0.0004 <0.0001 <0.0006
Selenium | <0.001 0.002 0.00521
MAWO004 | Cadmium | <0.0002 <0.0001
Selenium | <0.001 <0.001
MAWO006 | Cadmium | <0.0002 0.0002 <0.0006
Selenium | <0.001 <0.001 0.00116
MAWO007 | Cadmium | <0.0001 <0.0001
Selenium | <0.001 <0.001
MDWO001 | Cadmium | <0.0002 <0.0001 <0.0006
Selenium | <0.001 <0.001 0.0013
MDWO003 | Cadmium | <0.0002 <0.0001 <0.0006
Selenium 0.002 0.002 0.0109
MDWO005 | Cadmium | <0.0002 <0.0001 <0.0006
Selenium | <0.001 0.002 0.00249

Notes:

Selenium and cadmium are the only preliminary groundwater COCs to exceed screening critiera.
Concentrations are total for comparison to screening criteria. However, total concentrations are not available for the event, the dissolved concentration is provided in italics. Total
concentrations were only not available from sampling prior to Fall 2005 and for the direct-push borehole sampling (i.e., the BH locations).

--- = location not sampled during the event.

* = In 2012, monitoring wells were sampled in the spring, the agricultural and domestic wells were sampled in the fall.

<#.##H# = Analyte was not detected at or below the MDL.

Orange shaded data exceed comparison screening criteria.
Comparison screening criteria are — Cd = 0.005, Se = 0.05 mg/L.
Complete data table is provided in Appendix B, Table B-7.




TABLE 4-13

GROUNDWATER SAMPLING PARAMETERS FOR SPECIATION STUDY

Water
Purge Level
Rate Drawdown DO ORP SC Temp. Turbidity | Fe?* NO?
Well ID | (ml/min) (ft) (mg/L) | (mV) | (uS/cm) (°C) (NTU) (mg/L) | (mg/L)
MMW004 150 0.01 5.03 182 745 8.36 | 6.72 20 0.01 0.004
MPWO022 200 0.46 0.97 -169 364 7.45 7.39 45 2.35 0.016
TABLE 4-14
GENERAL METALS RESULTS FOR SPECIATION STUDY
Total Dissolved Dissolved Total Dissolved
Selenium Selenium Total Iron Iron Manganese | Manganese
Well ID (mgl/L) (mg/L) (mgl/L) (mgl/L) (mg/L) (mgl/L)
MMW004 0.001 U 0.001 0.63 0.02U 0.40U 0.0028
MPW022 0.001 U 0.001 U 8.06 4.3 0.50U 0.233
Notes:
U = Analyte not detected at or below the MDL shown as the result.

TABLE 4-15
SELENIUM SPECIATION AND TOTAL SELENIUM VALUES AND FIELD SPIKE
RECOVERIES
Sum of

Se(lV) Se(VI) Species Total Se RPD

Sample ID (mgl/L) (mgl/L) (mg/L) (mg/L) (%)
103105GWMMW004-1-E | 0.00014 U 0.00146 0.00146 0.00132 10.3
103105GWMMWO004-1-F | 0.00014 U 0.00172 0.00172 0.00209 19.2
103105GWMMW004-2-E | 0.00014 U 0.00148 0.00148 0.00135 9.6
103105GWMMW004-2-F | 0.00014 U 0.00185 0.00185 0.00174 6.0
103105GWMMW004-3-E | 0.00014 U 0.00140 0.00140 0.00157 11.3
103105GWMMW004-3-F | 0.00014 U 0.00164 0.00164 0.00170 3.4
103105GWMPW022-0-E | 0.00014 U | 0.000053 U 0.00014 U 0.00014 200
103105GWMPW022-0-F | 0.00014 U | 0.000053 U 0.00014 U 0.00014 U 0.0

Notes:
U = Analyte not detected at or below the MDL shown as the result.
Se(CN) was not detected in any sample with a detection limit of approximately 0.001 pg/L
Sample suffix E = non-preserved F = EDTA preserved

EDTA - Ethylenediaminetetraacetic acid




TABLE 4-16
AQUIFER SOLIDS ANALYSES RESULTS

Location: MMWO010 MMWO011 MMWO019 MMW022 MMW023
Date: | 28-Aug-07 | 28-Aug-07 | 27-Aug-07 | 10-Aug-07 | 15-Jul-07 | 15-Jul-07 | 15-Jul-07 | 7-Sep-07
Unit: Alluvium Wells Phosphoria Dinwoody Wells
Parameter Units Results
Depth feet 17 38 120 14 5 320 360 350
Location -—— Water Bottom Bottom Bottom Top Water Bottom Water
pH S.u. 7.1 J- 7 J- 8 J- 7.4 J- 8.5 J- 8.5 J- 8.43 J- 9.1 J-
Aluminum mg/kg 9070 J+ 29900 J+ 4040 J+ 14600 J+ 4680 J+ | 10600 J+ | 11900 J+ 649 J+
Cadmium mg/kg 14.8 0.8J,B 0.9J,B 1J,B 3U 05U 05U 3.9
Chromium mg/kg 661 48 20 304 7J,B 14 15 31
Iron mg/kg 19100 J 23400 J 4970 J 19600 J 9040 14400 15200 1850 J
Manganese mg/kg 162 359 27.2 378 4890 2620 2337.5 192
Nickel mg/kg 278 31 65 96 8J,B 12 12 26
Selenium mg/kg 59 05U 05U 7.3 0.8 U,B 0.9UB 0.8 UB 0.7J,B
Vanadium mg/kg 202 J 452 J 79.2J 60.4 J 8.8 15.2 17.2 36.5J
Zinc mg/kg 858 J 100 J 509 J 267 J 17 J,B 24 31.8 157 J
TOC % 2.8 J- 0.2J-B 0.1J-B 1.7 J- 17 -
Total Solids % 86.6 74.5 80.1 85.6 82.4 96.2 93.8 95.8
Notes:

TOC = Total Organic Carbon

J = Estimated

J+ = Estimated, may be biased high
J- = Estimated, may be biased low

U = Not detected at or below the method detection limit

B = Analyte was detected in the blank.




STREAM HABITAT ASSESSMENT DATA MATRIX

TABLE 4-17

Surface Water Sediment
Selenium Selenium RBS

Surface Water Concentration | Concentration | (Habitat Fish
Station Drainage (mgll) (mg/kg) Score) Presence
MSTO043 Little Blackfoot River <0.001 1.7 57 Yes
MSTO044 Little Blackfoot River <0.001 1.1 143 Yes'
MST045 Little Blackfoot River <0.001 1.1 31 Yes'
MST046 Little Blackfoot River <0.001 0.50 73 Yes'
MSTO047 Little Blackfoot River <0.001 <0.50 48 Yes'
MSTO048* Little Blackfoot River <0.001 0.90 151 Yes
MST049* Little Blackfoot River <0.001 <0.50 139 Yes'
MST053 Little Blackfoot River <0.001 <0.50 52 Yes
MST054 Lone Pine Creek <0.001 2.0 25 No
MST055 Lone Pine Creek 0.002 1.0 43 No
MSTO057 Lone Pine Creek 0.002 4.4 44 No
MST058 Lone Pine Creek <0.001 2.0 34 No
MSTO062 Lone Pine Creek <0.001 0.30 47 No
MST063 Lone Pine Creek 0.002 0.30 29 No
MSTO064 Lone Pine Creek 0.002 0.80 55 No
MST234 Little Blackfoot River <0.001 1.5 76 Yes
MST254* Little Blackfoot River <0.001 <0.50 103 Yes
MST276 Lone Pine Creek 0.003 2.0 56 No
MST277* Long Valley Creek <0.001 0.80 7 No

Notes:

- no fish observed, but presumed to be present based on hydraulic connection to adjacent stations
with fish present; shaded “Yes” highlights those stations where fish were observed
* - Regional background station




RIPARIAN HABITAT ASSESSMENT DATA MATRIX

TABLE 4-18
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Station __| brainage tlZ|E|8|5l=|&8|5|8=s|8|2188/858|%
MDS022 Mine Seep X X X 0 |0]| X X X 10| X X X 6.9 <05 | 4
MSP014 Mine Pond X X X X | X| X X X 10| X X X 12 3.3 1
MSP015 Mine Pond X X 0 X | X]| 0 X 0 |0]| X X X 24 25 3
MSP016 Mine Pond X X 0 X |0]| 0 X X 10| X X X 45 6.5 3
MSP055 Mine Pond 0 0 0 0| X]| O 0 0 |0]| O 0 0 28 65 4
MSTO044 Little Blackfoot River 0 0 0 X 10| X X X 10| X X X 5.3 7.9 4
MSTO045 Little Blackfoot River X X 0 X | X| X 0 X 10| X X X 1.5 <05 | 3
MSTO046 Little Blackfoot River X X 0 0 |0]| X X 0 |0]| X 0 X 1.1 <05 | 2
MSTO047 Little Blackfoot River X X 0 0 |0]| X X 0 |0]| X 0 X 1.1 <05 | 2
MST049* Little Blackfoot River X X 0 X |0]| 0 X X 10| X X X | <05 | <05 | 3
MST054 Lone Pine Creek X 0 0 0 |[0] X 0 00| O 0 X 1.4 <05 | 2
MSTO055 Lone Pine Creek X 0 0 0 |0]| X X 00| O 0 X | <05 | <05 | 2
MSTO057 Lone Pine Creek X 0 0 X 10| X X X 10| X X X 3.1 <05 | 4
MSTO058 Lone Pine Creek 0 0 0 0 |[0] X X X 10| X X X 1.3 <0.5 1
MST062 Lone Pine Creek 0 0 0 0 |0]| X 0 00| O 0 X | <05 | <05 | 2
MSTO063 Lone Pine Creek 0 0 0 0 |0]| X X X 10| X X X 4.3 <0.5 1
MSTO064 Lone Pine Creek X 0 X 0 |[0] X X X 10| X X X 1.7 <05 | 4
MST275 Lone Pine Creek X X 0 X | X| X X 0 |0]| X X X | <05 | <05 | 3
MST276 Lone Pine Creek X 0 X 0 |[0] X X X 10| X X X 1.5 <05 | 4
MST277* Long Valley Creek X 0 0 0 0| X X 0 0| O X X | 0.70 | <0.5 2
Notes:

Concentrations in mg/kg dry weight
* - Regional background station

X — presence of species assemblage
0 — lack of species assemblage

6.9 — exceeds riparian soil background level of 2.03 mg/kg or vegetation background level of 0.8 mg/kg dw.




TABLE 4-19
2004 FORAGE FISH CONCENTRATIONS

Sample

Location | Cadmium Nickel | Selenium | Vanadium Zinc
MRV016 0.10 2.6 2.8 0.49 160
MST043 0.09 3.8 6.1 0.41 180
MST048* 0.15 2.7 3.7 0.70 170
MST053 0.15 8.2 3.5 0.61 230
MST234 <0.10 3.3 3.9 0.43 200
MST254* <0.24 24 <2.4 0.95 180
Notes:

Concentrations in mg/kg dry weight
All locations are on the Little Blackfoot River or tributary (MST254)
* Regional background location




TABLE 4-20
2004 BENTHIC MACROINVERTEBRATE

CONCENTRATIONS
Surface Water Selenium
Station ID Drainage Concentration

MDS022 Site dump seep <130
MST043 Little Blackfoot River <3.2
MST044 Little Blackfoot River <8.3
MST045 Little Blackfoot River <6.3
MSTO046 Little Blackfoot River <56.5
MST047 Little Blackfoot River <13
MST048* Little Blackfoot River <2.6
MSTO049* Little Blackfoot River 3.8

MST053 Little Blackfoot River <4.2
MST054 Lone Pine Creek <3.1
MST055 Lone Pine Creek <4.5
MSTO057 Lone Pine Creek 6.2

MST058 Lone Pine Creek <42
MST062 Lone Pine Creek <1.7
MST063 Lone Pine Creek <15
MST064 Lone Pine Creek <3.5
MST234 Little Blackfoot River <1.8
MST254* Little Blackfoot River <1.3
MST275 Lone Pine Creek <4.2
MST276 Lone Pine Creek 2.9

MST277* Long Valley Creek <29

Notes:
Concentration is mg/kg dry weight
* Regional background station
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Table 6-1
Summary of Constituents of Potential Concern
Henry Site

Analyte

Upland Soil

Riparian Soil

Surface ?

Water Sediment Groundwater °

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper

Iron

Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Radium-226 °
Radon-222
Selenium
Silver
Sodium
Thallium
Uranium
Vanadium
Zinc

X X X

X X X

X X X X

Notes:

@ Dissolved fraction for all analytes except for selenium, which is expressed as total selenium.

® Total fraction for all analytes.

° Radium-226 activity data are available for upland soil only; for other media, radium-226 was
identified as a constituent of potential concern (COPC) if uranium was identified as a COPC in that

medium.

X - constituent of potential concern




Summary of Tier | Henry Site Cumulative Risk Estimates for Current/Future Native Americans

Table 6-2

Current/Future
Native American
Medium/Risk Driver® EPC® ILCR HI
Metals Upland Soil | Riparian Soil [ Surface Water | Sediment
(mg/kg) (mg/kg) (mg/L) (mg/kg)

Culturally Significant Plant - Upland Soil ° 2E-04 22
Antimony 9.15 NA NA NA NA 2.2
Arsenic 45.5 NA NA NA 1.5E-04 0.80
Cadmium 59.5 NA NA NA NA 9.8
Cobalt 11.9 NA NA NA NA 3.0
Selenium 318 NA NA NA NA 1.9
Thallium 2.31 NA NA NA NA 1.7

Culturally Significant Plant - Riparian Soil 4E-04 57
Antimony NA 7.00 NA NA NA 5.8
Arsenic NA 4.99 NA NA 3.9E-04 2.0
Cadmium NA 67.3 NA NA NA 5.1
Cobalt NA 8.73 NA NA NA 2.8
Manganese NA 1,080 NA NA NA 3.1
Nickel NA 251 NA NA NA 1.9
Selenium NA 45.0 NA NA NA 23
Thallium NA 0.223 NA NA NA 1.7
Vanadium NA 773 NA NA NA 12

Elk - Upland Soil and Surface Water 7E-07 0.1

Upland Soil 9E-05 6
Arsenic 45.5 NA NA NA 8.5E-05 0.44
Uranium 74.4 NA NA NA NA 1.2
Vanadium 584 NA NA NA NA 2.1

Riparian Soil 9E-06 4
Arsenic NA 4.99 NA NA 9.4E-06 0.049
Vanadium NA 773 NA NA NA 2.7

Aquatic Plant - Surface Water and Sediment 5E-04 82
Antimony NA NA 0.00230 8.50 NA 1.3
Arsenic NA NA 0.0224 10.6 4.6E-04 2.4
Cadmium NA NA 0.0352 104 NA 14
Manganese NA NA 24 2,580 NA 2.6
Nickel NA NA 1.26 1,110 NA 1.8
Selenium NA NA 0.970 148 NA 45
Thallium NA NA 0.000348 2.17 NA 1.5
Uranium NA NA NA 90.0 NA 6.8
Vanadium NA NA 0.0885 940 NA 1.6
Zinc NA NA 4.73 7,940 NA 4.2

Fish - Surface Water and Sediment ° 3E-05 13
Antimony NA NA ND 4.70 NA 6.0
Arsenic NA NA 0.000750 1.99 2.8E-05 0.14
Thallium NA NA ND 0.122 NA 6.2

Surface Water 4E-06 0.7
Arsenic NA NA 0.0224 NA 4.2E-06 0.022

. . . Upland Soil | Riparian Soil [ Surface Water | Sediment
Radionuclides - Radium-226 (nCilg) (pCilg) (pCilL) (pCilg)

Culturally Significant Plants - Upland Soil 58.8 NA NA NA 2.4E-03 NA

Elk - Upland Soil 58.8 NA NA NA 1.0E-06 NA

Upland Soil 58.8 NA NA NA 9.4E-04 NA
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Table 6-2
Summary of Tier | Henry Site Cumulative Risk Estimates for Current/Future Native Americans

Current/Future
Native American

Medium/Risk Driver® EPCP? ILCR HI
Aquatic Plant - Sediment NA NA NA 62.6 1.3E-03 NA
Fish - Surface Water NA NA 0.720 NA 4.2E-07 NA
Cumulative Media ILCR/HI from Metals®:| 6E-04 101

Cumulative Media ILCR from Radionuclides": 3E-03 NA
Cumulative Media ILCR/HI from Metals and Radionuclides®": 4E-03 101

IDEQ Point of Departure: 1_0'5 1

USEPA Risk Range:| 10°-10"* 1

Notes:

& Summary of risk estimates for constituents of potential concern (COPCs) are presented for risk drivers only. Risk estimates for all
COPCs are presented in Appendix A.

® The EPC is based on the maximum detected concentration measured in various media collected from Henry Site sampling
locations.

¢ Hazard estimates for antimony and thallium in culturally significant plants harvested from upland soil are based on the maximum
detection limit for these analytes, as they were not detected in culturally significant plant tissue.

4 The surface water and sediment EPCs for the fish consumption pathway is based on data from sample locations where fish are
present or likely to be present.

¢ Cumulative media ILCR/HI for metals includes the higher of the ILCR/HI for culturally significant plants harvested from upland soil,
riparian soil, or aquatic environments, and the higher of the ILCR/HI for upland soil or riparian soil direct contact.

f Cumulative media ILCR for radium-226 includes the higher of the ILCR for culturally significant plants harvested from upland soil
or aquatic environments.

Bold indicates exceedance of the USEPA's risk management range and/or IDEQ's acceptable risk criteria.

EPC - Exposure Point Concentration mg/kg - milligram per kilogram
HI - Hazard Index NA - Not applicable

IDEQ - Idaho Department of Environmental Quality pCi/g - picoCuries per gram
ILCR - Incremental lifetime cancer risk pCi/L - picoCuries per liter

mg/L - milligram per liter
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Table 6-3

Summary of Tier | Background Cumulative Risk Estimates for Current/Future Native Americans

Current/Future
Native American
Medium/Risk Driver? EPCP ILCR HI
Metals Upland Soil | Riparian Soil | Surface Water | Sediment
(mg/kg) (mg/kg) (mg/L) (mg/kg)

Culturally Significant Plant - Upland Soil ® 1E-03 77
Antimony 3.60 NA NA NA NA 38
Arsenic 19.0 NA NA NA 1.5E-03 7.8
Cadmium 44.0 NA NA NA NA 3.5
Cobalt 13.3 NA NA NA NA 4.3
Manganese 3,990 NA NA NA NA 11
Nickel 230 NA NA NA NA 1.7
Selenium 29.0 NA NA NA NA 1.1
Thallium 1.30 NA NA NA NA 2.1
Uranium 42.0 NA NA NA NA 14
Vanadium 370 NA NA NA NA 5.7

Culturally Significant Plant - Riparian Soil 4E-04 19
Antimony NA 5.50 NA NA NA 4.5
Arsenic NA 5.44 NA NA 4.3E-04 2.2
Cadmium NA 4.40 NA NA NA 1.6
Cobalt NA 10.1 NA NA NA 3.2
Manganese NA 1,080 NA NA NA 3.1
Thallium NA 0.428 NA NA NA 3.2

Elk - Upland Soil and Surface Water 2E-07 0.04

Upland Soil 4E-05 3
Arsenic 19.0 NA NA NA 3.6E-05 0.18
Vanadium 370 NA NA NA NA 1.3

Riparian Soil 1E-05 0.7
Arsenic [ NA [ 5.44 [ NA NA 1.0E-05 [ 0.053

Aquatic Plant - Surface Water and Sediment 2E-04 6
Arsenic NA NA 0.00110 4.55 2.0E-04 1.0
Cadmium NA NA 0.000100 3.74 NA 2.3

Fish - Surface Water and Sediment 4E-05 83
Antimony NA NA NA 5.00 NA 6.4
Arsenic NA NA 0.00110 4.55 4E-05 0.21
Thallium NA NA 0.000150 0.378 NA 76

Surface Water 2E-07 0.02

. . . Upland Soil | Riparian Soil | Surface Water | Sediment
Radionuclides - Radium-226 . . ; .
(pCilg) (pCilg) (pCilL) (pCilg)

Culturally Significant Plants - Upland Soil 27.2 NA NA NA 1.1E-03 NA

Elk - Upland Soil 27.2 NA NA NA 4.8E-07 NA

Upland Soll 27.2 NA NA NA 4.4E-04 NA

Aquatic Plant - Sediment NA NA NA 1.65 3.5E-05 NA

Fish - Surface Water NA NA 0.417 NA 2.4E-07 NA

Cumulative Media ILCR/HI from Metals®:| 2E-03 163

Cumulative Media ILCR from Radionuclides®:| 2E-03 NA

Cumulative Media ILCR/HI from Metals and Radionuclides™®| 3E-03 163
IDEQ Point of Departure:| 10 1
USEPA Risk Range:| 10°- 10" 1

Notes:

a Summary of risk estimates for constituents of potential concern (COPCs) are presented for risk drivers only. Risk estimates for all

COPCs are presented in Appendix A.
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Table 6-3
Summary of Tier | Background Cumulative Risk Estimates for Current/Future Native Americans

Current/Future
Native American

Medium/Risk Driver? EPCP ILCR HI

® The EPC is based on the maximum detected concentration measured in various media collected from background sampling
locations.

¢ The hazard estimate for antimony in culturally significant plants harvested from upland soil is based on the maximum detection
limit for antimony, as it was not detected in culturally significant plant tissue samples.

4 Cumulative media ILCR/HI for metals includes the higher of the ILCR/HI for culturally significant plants harvested from upland soil,
riparian soil, or aquatic environments, and the higher of the ILCR/HI for upland soil or riparian soil direct contact.

¢ Cumulative media ILCR for radium-226 includes the higher of the ILCR for culturally significant plants harvested from upland soil of

aquatic environments.

Bold indicates exceedance of the USEPA's risk management range and/or IDEQ's acceptable risk criteria.

EPC - Exposure Point Concentration mg/kg - milligram per kilogram
HI - Hazard Index NA - Not applicable

IDEQ - Idaho Department of Environmental Quality pCi/g - picoCuries per gram
ILCR - Incremental lifetime cancer risk pCi/L - picoCuries per liter

USEPA - U. S. Environmental Protection Agency

mg/L - milligram per liter
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Table 6-4
Summary of Tier | Henry Site Cumulative Risk Estimates for Hypothetical Future Residents

Hypothetical Future

Resident
Medium/Risk Driver® EPCP ILCR HI
Metals Upland Soil |Riparian Soil | Surface Water| Sediment | Groundwater
(mg/kg) (mg/kg) (mg/L) (mg/kg) (mg/L)

Fruits and Vegetables - Upland Soil and Groundwater 1E-02 319
Antimony 9.15 NA NA NA NA NA 2.3
Arsenic 45.5 NA NA NA 0.00430 1.2E-02 60
Cadmium 59.5 NA NA NA NA NA 9.4
Cobalt 11.9 NA NA NA 0.0100 NA 2.5
Manganese 2,040 NA NA NA 3.39 NA 15
Molybdenum NA NA NA NA 0.110 NA 45
Nickel 425 NA NA NA NA NA 15
Selenium 318 NA NA NA 0.219 NA 53
Thallium 2.31 NA NA NA 0.000900 NA 128
Uranium 74.4 NA NA NA NA NA 11
Vanadium 584 NA NA NA NA NA 4.6

Upland Soil 9E-05 6
Arsenic 45.5 NA NA NA NA 8.5E-05 0.44
Uranium 74.4 NA NA NA NA NA 1.2
Vanadium 584 NA NA NA NA NA 2.1

Riparian Soil 8E-07 0.3

Fish - Surface Water and Sediment © 3E-05 13
Antimony NA NA ND 4.70 NA NA 6.0
Arsenic NA NA 0.000750 1.99 NA 2.8E-05 0.14
Thallium NA NA ND 0.122 NA NA 6.2

Surface Water 6E-07 0.1

Groundwater 1E-04 10
Arsenic NA NA NA NA 0.00430 1.1E-04 0.59
Cobalt NA NA NA NA 0.0100 NA 14
Manganese NA NA NA NA 3.39 NA 1.1
Selenium NA NA NA NA 0.219 NA 1.8
Thallium NA NA NA NA 0.000900 NA 3.7

. . . Upland Soil [ Riparian Soil [ Surface Water| Sediment | Groundwater
Radionuclides - Radium-226 . . - . .
(pCi/g) (pCi/g) (pCilL) (pCi/g) (pCilL)

Fruits and Vegetables - Upland Soil 58.8 NA NA NA NA 2.4E-03 NA

Upland Soil 58.8 NA NA NA NA 9.4E-04 NA

Fish - Surface Water NA NA 0.720 NA NA 4.2E-07 NA

Radi lides - Radom-222 ¢ Upland Soil
adionuclides - Radom- (pCi/m®)
Indoor Air 13,327 5.5E-02 NA
Cumulative Media ILCR/HI for Metals®:| 1E-02 348
Cumulative Media ILCR for Radionuclides:| 6E-02 NA
Cumulative Media ILCR/HI from Metals and Radionuclides®:| 7E-02 348
IDEQ Point of Departure:|  10° 1
USEPA Risk Range:| 10°-10"* 1
Notes:

a8 Summary of risk estimates for constituents of potential concern (COPCs) are presented for risk drivers only. Risk estimates for all

COPCs are presented in Appendix A.
® The EPC is based on the maximum detected concentration measured in various media collected from Henry Site sampling locations.
¢ The surface water and sediment EPCs for the fish consumption pathway is based on data from sample locations where fish are

present or likely to be present.
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Table 6-4

Summary of Tier | Henry Site Cumulative Risk Estimates for Hypothetical Future Residents

Medium/Risk Driver®

Hypothetical Future

Resident

EPC® ILCR HI

4 The radon-222 concentration in indoor air was calculated from radon flux measurements made in background upland soil, and is in

units of picoCuries per cubic meter (pCi/m3).

¢ Cumulative media ILCR/HI for metals includes the higher of the ILCR/HI for upland soil or riparian soil direct contact.

Bold indicates exceedance of the USEPA's risk management range and/or IDEQ's acceptable risk criteria.

EPC - Exposure Point Concentration

HI - Hazard Index

IDEQ - Idaho Department of Environmental Quality
ILCR - Incremental lifetime cancer risk

mg/L - milligram per liter

mg/kg - milligram per kilogram

NA - Not applicable

USEPA - U. S. Environmental Protection Agency
pCi/g - picoCuries per gram

pCi/L - picoCuries per liter

pCi/m® - picoCuries per cubic meter
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Table 6-5
Summary of Tier | Background Cumulative Risk Estimates for Hypothetical Future Residents

Hypothetical Future
Resident
Medium/Risk Driver® EPCP ILCR HI
Metals Upland Soil | Riparian Soil | Surface Water | Sediment [Groundwater
(mg/kg) (mg/kg) (mg/L) (mg/kg) (mgi/L)

Fruits and Vegetables - Upland Soil and Groundwater 2E-03 70
Antimony 3.60 NA NA NA NA NA 24
Arsenic 19.0 NA NA NA 0.000989 1.5E-03 7.8
Cadmium 44.0 NA NA NA NA NA 2.8
Cobalt 13.3 NA NA NA 0.000436 NA 4.3
Manganese 3,990 NA NA NA 0.456 NA 11
Molybdenum NA NA NA NA 0.0239 NA 3.3
Nickel 230 NA NA NA NA NA 1.7
Selenium 29.0 NA NA NA 0.00267 NA 2.6
Thallium 1.30 NA NA NA 0.000200 NA 5.0
Vanadium 370 NA NA NA NA NA 5.7

Upland Soil 4E-05 3
Arsenic 19.0 NA NA NA NA 3.6E-05 0.18
Vanadium 370 NA NA NA NA NA 1.3

Riparian Soil 8E-07 0.06

Fish - Surface Water and Sediment 4E-05 83
Antimony NA NA NA 5.00 NA NA 6.4
Arsenic NA NA 0.00110 4.55 NA 4E-05 0.21
Thallium NA NA 0.000150 0.378 NA NA 76

Surface Water 3E-08 0.003

Groundwater 3E-05 1
Arsenic NA NA NA NA 0.000989 2.6E-05 0.14

Radionuclides - Radium-226 Uplanq Soil Riparign Soil Surfacg Water Sediment Groundwater
(pCifg) (pCifg) (pCi/L) (pCifg) (pCilL)

Fruits and Vegetables - Upland Soil 27.2 NA NA NA NA 1.1E-03 NA

Upland Soil 27.2 NA NA NA NA 4.4E-04 NA

Fish - Surface Water NA NA 0.417 NA NA 2.4E-07 NA

Radi lid Rad 222°¢ Indoor Air
adionuclides - Radom- (pCilm®)

Indoor Air 12,684 5.2E-02 NA
Cumulative Media ILCR/HI from Metals®: 2E-03 157
Cumulative Media ILCR from Radionuclides:| g5g-g2 NA
Cumulative Media ILCR/HI from Metals and Radionuclides®: 6E-02 157

IDEQ Point of Departure:[ 107 1

USEPA Risk Range:| 10°-10* 1

Notes:
a8 Summary of risk estimates for constituents of potential concern (COPCs) are presented if the COPC is a risk driver only. Risk
estimates for all COPCs are presented in Appendix A.

® The EPC is based on the maximum detected concentration measured in various media collected from background sampling locations
¢ The radon-222 concentration in indoor air was calculated from radon flux measurements made in background upland soil, and is in

units of picoCuries per cubic meter (pCi/m3).
4 Cumulative media ILCR/HI for metals includes the higher of the ILCR/HI for upland soil or riparian soil direct contact.

Bold indicates exceedance of the USEPA's risk management range and/or IDEQ's acceptable risk criteria.

EPC - Exposure Point Concentration mg/L - milligram per liter pCi/L - picoCuries per liter
HI - Hazard Index mg/kg - milligram per kilogram pCi/m® - picoCuries per cubic meter
IDEQ - Idaho Department of Environmental Quality NA - Not applicable USEPA - U. S. Environmental

ILCR - Incremental lifetime cancer risk pCi/g - picoCuries per gram Protection Agency




Summary of Tier | Henry Site Cumulative Risk Estimates for Current/Future Seasonal Ranchers

Table 6-6

Current/Future Seasonal

Rancher
Medium/Risk Driver® EPCP ILCR HI
Metals Upland Soil Surface Water Groundwater
(mg/kg) (mg/L) (mg/L)

Cattle - Upland Soil and Surface Water 9E-05 15
Arsenic 455 0.0224 NA 9.4E-05 0.61
Cobalt 11.9 0.0141 NA NA 14
Selenium 318 0.970 NA NA 2.4
Thallium 2.31 0.000348 NA NA 9.1

Cattle - Upland Soil and Groundwater 9E-05 15
Arsenic 45.5 NA 0.00430 8.8E-05 0.57
Cobalt 11.9 NA 0.0100 NA 1.3
Selenium 318 NA 0.219 NA 1.6
Thallium 2.31 NA 0.000900 NA 9.9

Upland Soil 1E-05 1
Arsenic 45.5 [ NA [ NA 1.5E-05 0.094

Groundwater 2E-05 0.1
Arsenic NA NA 0.00430 2.1E-05 0.0065

. . . Upland Soil Surface Water Groundwater
Radionuclides - Radium-226 (pCilg) (pCilL) (pCilL)
Cattle - Upland Soil 58.8 NA NA 9.3E-05 NA
Upland Soil 58.8 NA NA 1.9E-03 NA
Cumulative Media ILCR/HI from Metals®: 1E-04 16
Cumulative Media ILCR from Radionuclides: 2E-03 NA
Cumulative Media ILCR/HI from Metals and Radionuclides®: 2E-03 16
IDEQ Point of Departure: 10° 1
USEPA Risk Range:| 10°-10" 1
Notes:

& Summary of risk estimates for constituents of potential concern (COPCs) are presented for risk drivers only. Risk estimates for all

COPCs are presented in Appendix A.

® The EPC is based on the maximum detected concentration measured in various media collected from Henry Site sampling

locations.

¢ Cumulative media ILCR/HI for metals includes the higher of the ILCR/HI for consumption of cattle that have ingested surface water
or groundwater. Surface water and ground water ingestion by cattle were not evaluated for radium-226 because uranium, and

therefore radium-226, was not identified as a chemical of potential concern for these media.

Bold indicates exceedance of the USEPA's risk management range and/or IDEQ's acceptable risk criteria.

EPC - Exposure Point Concentration
HI - Hazard Index

IDEQ - Idaho Department of Environmental Quality

ILCR - Incremental lifetime cancer risk
mg/L - milligram per liter

mg/kg - milligram per kilogram
NA - Not applicable

USEPA - U. S. Environmental Protection Agency

pCi/g - picoCuries per gram
pCi/L - picoCuries per liter




Table 6-7

Summary of Tier | Background Cumulative Risk Estimates for Current/Future Seasonal Ranchers

Current/Future Seasonal

Rancher
Medium/Risk Driver? EPCP ILCR HI
Metals Upland Soil Surface Water | Groundwater
(mg/kg) (mg/L) (mg/L)

Cattle - Upland Soil and Surface Water 4E-05 8
Arsenic 19.0 0.00110 NA 3.6E-05 0.24
Cobalt 13.3 0.0100 NA NA 1.4
Thallium 1.30 0.000150 NA NA 5.1

Cattle - Upland Soil and Groundwater 4E-05 8
Arsenic 19.0 NA 0.000989 3.6E-05 0.24
Cobalt 13.3 NA 0.000436 NA 1.2
Thallium 1.30 NA 0.000200 NA 5.1

Upland Soil 6E-06 0.8
Arsenic 19.0 [ NA NA 6.1E-06 0.039

Groundwater 5E-06 0.02
Arsenic NA NA 0.000989 4.8E-06 0.0015

. . . Upland Soil Surface Water | Groundwater
Radionuclides - Radium-226 (nCilg) (pCilL) (pCilL)
Cattle - Upland Soil 27.2 NA NA 4.3E-05 NA
Upland Soil 27.2 NA NA 9.0E-04 NA
Cumulative Media ILCR/HI from Metals®: 5E-05 9
Cumulative Media ILCR from Radionuclides: 9E-04 NA
Cumulative Media ILCR/HI from Metals and Radionuclides®: 1E-03 9
IDEQ Point of Departure: 10° 1
USEPA Risk Range:| 10°-10" 1
Notes:

& Summary of risk estimates for constituents of potential concern (COPCs) are presented for risk drivers only. Risk estimates for all

COPCs are presented in Appendix A.

 The EPC is based on the maximum detected concentration measured in various media collected from background sampling

locations.

¢ Cumulative media ILCR/HI for metals includes the higher of the ILCR/HI for consumption of cattle that have ingested surface
water or groundwater. Surface water and ground water ingestion by cattle were not evaluated for radium-226 because uranium,
and therefore radium-226, was not identified as a chemical of potential concern for these media.

Bold indicates exceedance of the USEPA's risk management range and/or IDEQ's acceptable risk criteria.

EPC - Exposure Point Concentration
HI - Hazard Index

IDEQ - Idaho Department of Environmental Quality

ILCR - Incremental lifetime cancer risk
mg/kg - milligram per kilogram

mg/L - milligram per liter
NA - Not applicable
USEPA - U. S. Environmental Protection Agency
pCi/g - picoCuries per gram
pCi/L - picoCuries per liter




Table 6-8
Summary of Refined Human Health Constituent of Potential Concern to be Evaluated in Tier Il Baseline Risk Assessment

Henry Site
Direct Exposure Indirect Exposure ?
lan Riparian  Aquati
Upland Riparian Surface Ground- Qﬂﬁ;raclily C.uplzt;r:IIy C_u?ti?alclzy Frutsand SC::;(; ggtls d- Fish
COPCs Soil Soil Water  water Significant Significant Significant Vegetables Water  water
Plant Plant Plant

Antimony X X X X X X X X X X
Arsenic X X X X X X X X X X X X
Cadmium X X X X X X X X X X X
Chromium X X X X X X X
Cobalt X X X X X X X X X X X X
Manganese X X X X X X X X X X X X
Molybdenum X X X
Nickel X X X X X X X X X X X
Radium-226 X X X X X X X X
Radon-222 ° X
Selenium X X X X X X X X X X X X
Thallium X X X X X X X X X X X X
Uranium X X X X X X X X
Vanadium X X X X X X X X X X X
Zinc X X
Notes:

2 All media-specific COPCs were evaluated for the indirect pathways indicated in Figure 6-1 in addition to direct exposure pathways (i.e., ingestion,
inhalation, and dermal contact) except sediment COPCs, which were evaluated through the indirect uptake to aquatic culturally significant plant

pathway only.

® Radon-222 was evaluated for indoor air exposure only; receptors are not directly exposed to radon-222 in upland soil.

° COPCs further evaluated in the Tier Il Baseline Risk Assessment are those with a chemical-specific ILCR or HQ exceeding 1 x 10 or 1, respectively, in
the Tier | Baseline Risk Assessment.

X - constituent of potential concern COPC - constituent of potential concern
X - Tier | constituent of potential concern ° ILCR - incremental lifetime cancer risk
HQ - hazard quotient




Table 6-9

Summary of Tier Il RME Henry Site Cumulative Incremental Risk Estimates for Current/Future Native Americans

Current/Future Native American

Site-Related Background Incremental
Medium/Risk Driver? EPCP ILCR [ HI ILCR HI ILCR | HI
Metals Upland Soil | Riparian Soil | Surface Water | Sediment
(mg/kg) (mg/kg) (mg/L) (mg/kg)

Culturally Significant Plant - Upland Soil ° 2E-04 18 6E-04 56 0E+00 2
Antimony 4.81 NA NA NA NA 2.2 NA 38 NA 0
Arsenic 24.9 NA NA NA 1.5E-04| 0.80 | 6.5E-04 3.3 0E+00 0
Cadmium 32.5 NA NA NA NA 9.0 NA 9.8 NA 0
Cobalt 7.74 NA NA NA NA 3.0 NA 25 NA 0.42
Selenium 46.4 NA NA NA NA 1.3 NA 0.17 NA 1.2
Thallium 1.31 NA NA NA NA 1.7 NA 2.1 NA 0

Culturally Significant Plant - Riparian Soil 3E-04 21 3E-04 15 0E+00 7
Antimony NA 6.17 NA NA NA 5.1 NA 4.5 NA 0.55
Arsenic NA 4.25 NA NA 3.3E-04 1.7 3.5E-04 1.8 0E+00 0
Cadmium NA 7.38 NA NA NA 1.2 NA 0.98 NA 0.25
Cobalt NA 7.98 NA NA NA 2.6 NA 2.7 NA 0
Manganese NA 901 NA NA NA 25 NA 1.8 NA 0.70
Selenium NA 14.9 NA NA NA 3.1 NA 0.28 NA 2.8
Thallium NA 0.200 NA NA NA 1.5 NA 25 NA 0
Vanadium NA 165 NA NA NA 2.6 NA 0.57 NA 2.0

Elk - Upland Soil and Surface Water NA NA NA NA NA NA

Upland Soil 5E-05 2 2E-05 0.6 3E-05 1.1
Arsenic 24.9 NA NA NA 47E-05| 0.24 |[1.5E-05| 0.080 [ 3.1E-05| 0.16

Riparian Soil 8E-06 0.6 8E-06 0.2 0E+00 0.4
Arsenic NA 4.25 NA NA 8.0E-06 | 0.041 | 8.3E-06 | 0.043 [ OE+00 0

Aquatic Plant - Surface Water and Sediment 3E-04 30 2E-04 5 1E-04 24
Arsenic NA NA 0.00928 7.49 3.2E-04 1.7 2.0E-04 1.0 1.3E-04| 0.65
Cadmium NA NA 0.00371 271 NA 6.7 NA 1